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AUTHORS’ PREFACE 


' ^ ■ - < 4 " - ■ 

♦ - - 

If the reader will he good enough to take a rapid glance at the lihliographicdl 
r6sum6 at the end of this treatise} he will mry readily acknowledge that the 
special literature dewted to indiaruhher and gutta percha is considerable^ not 
only in foreign countries^ hut also in our own^ and that such is the case 
although only a comparatively short time has elapsed since the discovery of 
these raw materials and their industrial applications. 

If we to-day y therefore^ undertake the responsibility of presenting to the 
public a new treatise^ dealing with the same subject^ it is not for the mere sake 
of the vainglory of adding another unit to the already considerable number 
of works and msmoirs published, as many on gum elastic^^ as on ^^gum 
plastic f We have a higher ambition, a less fuUle object We acknowledge 
that almost all the treatises hitherto published have the great merit of having 
dealt excellently with the subject from the special point of view or vantage 
ground in which the authors were placed, but, taken as a whole, they are, 
nearly always, awanting in that cohesion and in that unity of purpose which 
the reader looks for in a work of this nature. They are deficient in that 
co-ordination vShich is so essential for those who seek to embrace, in a single 
glance of the eye, the results obtained, up to a certain moment, on any given 
subject The greater number of treatises which, to our own knowledge, have 
been edited with this end in vieiv, contain, most generally, obsolete information, 
and no longer respond to the wants of the present time. Like man, books 
get old guickly nowadays, and a book is scarcely written before it requires 
modification, nay even completion. 

Freely availing ourselves of the elements of an abundant special literature, 
and profiting by our oion personal experieTice, we have been able to effect our 
purpose, to combine in one harmonious lohole the precious scattered elements 
of an infinite number of publications, to extract from them their quintessence, 
and make of them an exact pr4cis or rdsum4 responding to the needs of the 
present day. In this way we have been enabled to methodically classify in their 
turn or rotation the plants producing the raw material, the commercial 
varieties most commonly met mth on the international market, with the 
characteristic signs of their individuality, and have also been enabled to 
assign to them a certain habitat in each part of the globe. Moreover, thanks 
to these elements, we Imve been enabled to deal competently with the rational 
culture and acclimatisation of indiarubber and gutta percha plants, and to 
devote ourselves to. a critical study of the methods employed, not only for the 
collection of the latex, but also for the extraction therefrom, of the respective 
rubbers and gutta perchas, and thus have been enabled to recommend the 
method which appeared to us the most advantageous for each species. 

^ Omitted from Second English Edition. 
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After having studied the 'physical ^properties' of the riibbers in their 
natural state^ as well as the mechanical transformations which are necessary 
to impart to the crude material the gualities which industry demands of it^ 
this question has led us to examine such a singularly interesting phenomenon 
as the vulcanisation of indiaruhhery and we have endeavoured to define this 
transformation in as plain and intelligible a manner as possible. Our theory 
may be criticised^ but contradiction throws light on the subject^ and we shall 
be pleased if in giving rise to discussion^ we have been enMed to shed some 
light upon a question which is still so obscure. 

We have next studied the chemical and physical properties of india- 
rubber after it has been essentially transformed by vulcanisation^ to again 
occupy ourselves with the reclamation of the vmste^ and finally to dwell a 
moment on extreme vulcanisation^ that is to say^ on the preparation of 
hardened rubber, namely, ebonite. 

We have assimilated all the data at our disposal on the methods of 
analysing rubbers, and examined the methods of technical testing and valua- 
tion proposed by several technological savants ; then we have been induced to 
take up the substitutes and artificial products capable of replacing the crude 
material to a certain extent, whether they act by correcting certain faults in 
the latter, or whether it be proposed by means of them to lessen the cost. 

In regard to gutta per^a we have followed the saone method of study, not 
without taking into account the difficidties incidental to such an undertaking. 
The botanical origin of gum plastic, as well as its' commercial varieties, 
presents to any one who wishes to obtain information in regard thereto a 
regular muddle or mg^ze. To face this labyrinth is to incur the risk of 
getting lost in it. If, thanks to more recent researches, the darkness tends 
to be dissipated, complete light is nevertheless far from being an accomplished 
fact, and we shall be pleased if, on our part, %oe have contribiited a little to 
advance such a difficult and complex question. 

However that may be, we do not forget that our work is, in a large 
measure, the result of the labours of our predecessors. We have often, in fact, 
been limited to assimilating the fruits of their learned and patient ?7i- 
searches. We have not always and in every instance quoted the sources 
from which we have drawn our information, so as not to hinder the progress 
of our work. We beg the specialists, who have been good enough to lend, 
their often precious assistance, to receive here the legitimaie homage of our 
sincerest gratitude. 

If the reader obtains from our treatise information of use to him, we 
shall be amply recompensed for our efforts and our trouble, for our motto is 
and always shall be — 


To BE Useful. 
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mDIARUBBER AND GUTTA PERCHA 


—4 

HISTORICAL INTRODUCTION 

It would be superfluous to describe, in detail, the successiye phases of the discovery 
of the industrial properties of that peculiar body, called Indiarubber. Others have 
already done so, and with a masterly hand. But to avoid all mention of these 
phases would be to forfeit the pleasure of doing homage to the powers of observa- 
tion, and the inventive genius, of the men who founded a great industry with 
a substance which, at the outset, appeared to be, from a technological point of 
view, of very trivial value indeed. So far back as 1868, Turgan, in his book 
on the Great French Factories Qes Grandes Usines de la Frcmce\ was, even then, 
able to say : “ Indiarubber has, at the present day, become not only an essential 
factor of industry, but also, and to an equal extent, of everyday life, so much so, 
indeed, that its sudden suppression would cause vast confusion in a great number 
of instances. It in fact enters, under every size and shape, into the whole 
equipment of civilisation, from the railway buffer to the sight-piece of the chasse- 
pot.” It would be an easy matter, at the present day, to enlarge to a much 
greater extent on the importance of this substance, the manufacture of which since 
then has increased by leaps and bounds. Prior, however, to discussing the present 
vast and multifarious uses of indiarubber, and the developments which the rubber 
industry has now assumed, we must, in the first instance, glance at its early history, 
a knowledge of the vicissitudes of which is in all industries so essential to the 
expert therein. 

It was Gonzalo Fernandes dDviedo y Valdas who first mentioned, in his 
General History of the Indies (Madrid, 1536, L. V., c. ii. p. 165), “the Indians’ 
game of Batejr, which is the same as the game of ball, although played in a 
different manner, and the ball is made of a different substance to that used by 
Christians.’’ According to Morris, the first record of indiarubber was made soon 
after the discovery of the New World by Columbus. The Old World rubbers 
were still unknown. During the second voyage of Columbus, it was noticed that 
the inhabitants of Hispaniola (Hayti) played with balls made from the gum of a 
tree. This was fully 400 years ago, Father Xavier de Charlevoix, of the Society 
of Jesus, 1682-1761, describes the Batos^ a species of ball of a solid matter, but 
extremely “ porous and light. It soars higher than our balls, falls on the ^ound, 
and rebounds much higher than the level of the hand which it quitted ; it falls 
back again, and rebounds once more, although not to such a height this 
time, and the height of the bounces gradually diminishes.” Antonio de Herrera 
Tordesillas, the Spanish historian (born at Cuellar in 1549, died at Madrid 
in 1615), completed these data in 1601 in his General History of the Voyages and 
Conquests of the Castilians^ in the islands and mainlands of the East Indies, 
and, in speaking of the ball used by the Spanish Indians, enunciates for the 
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first time, tlie descriptive term gmn. The same author, whilst speaking about 
the conquest of Mexico, quotes, as one of the peculiarities of Cumana, certain 
trees which, when punctured, yield milk which becomes converted into gum with 
a fine smell. Jean de Torquemada, in his book of the Monavquia Indimia 
(Madrid, 1615), mentions the uses of the elastic balls, and calls the tree which 
furnishes the milky juice from which they were elaborated, XJlaquahml^ or 
the UU tree, a name still used by the natives to designate the QaMloa 
MarhJwLmiana and the CastUloa elastica. The new conquerors, on their part, made 



Fiti. 1. — Full-grown Para iiidianibber tree {Hevea^Bradliemis) 
in a Brazilian forest, . 

use of rubber itself to coat their hempen cloaks, and thus protect themselves from 
rain; these were waterproof, but the intense heat of the tropical sun ^eatly 
affected them. At the court of Montezuma, in the ancient Aztec city which is now 
Mexico D.F., and the capital of the Mexican Republic, they played a sort of tennis 
in walled patios with balls of indiarubber. The tree which yielded the material 
for these earliest tennis balls was called Ule (with certain variants), and it^ is 
known in Mexico and Central America amongst the Indians as U14 to-day. [British 
scientists call the tree CastUloa elastica) American scientists call it CcLstilla elastica. 
There are many species, of varying commercial value, the best having been named 
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lactifiua, Brazil abounds in GaMloa trees, but the indiarubber obtained from 
them is inferior to the product of the Heveas, which yield the famous Para rubber. 
The Brazilian Castilloa rubber is known on the markets of' the world as caucho, 
whence we get the variant caoutchouc, or it may be that the latter spelling is 
nearer to the original Indian word.] It is a singular fact, says Morris, that in 
the depth of the Guiana forests, in the remote Indian villages on the tributaries of 
the Amazon, and in the heart of Africa, similar, rubber balls are still being used to 
play with. Often it is only in this way that travellers have become acquainted 
with the existence of rubber-yielding trees in the vicinity. Now and then, in these 
early days, some rare samples of the elastic product reached Europe to ornament 
the curiosity cabinets of the epoch. It was worth a guinea an ounce. 



Fig. 2, — Six-months-old indiarubber tree {Sevea BrazilicTisis) 
growing in a modern plantation in Cochin, Southern India. 


But, coming to a period when the ' history is more definite and precise, in 
1731 the Paris Academy of Science organised two expeditions to solve the vexed 
question of the exact shape of the earth. One of these, under La Gondamine and 
Bouguer, went to the equatorial regions of South America. Bouguer was an astro- 
nomer and a learned mathematician, and La Gondamine was a Doctor of Medicine ^nd 
an eminent naturalist. It is not therefore surprising that the latter should have 
profited by the oiDportunity of studying the fauna and flora of Peru and Brazil. In 
1736, a short time after his arrival at Quito (capital of Ecuador), La Gondamine 
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dispatched to the French Academy of Science some rolls of a blackish, resinous mass 
known under the name of caoutchouc. His parcel was accompanied by a memoir in 
which the following occurs : — “ There grows, in the forests of the province of Esmer- 
aldas, a tree called by the natives of the country Hivi \ there flows from it, by simple 
incision, a liquor, white as milk, which gradually hardens and blackens in the air; 
The inhabitants make flambeaux of it, which burn very well without wicks, and give 
rather a fine light. , . . In the province of Quito, sheets of linen are coated with it, 
and. are used for the same jDurpose as we use waxcloth. . . . The same tree grows 
along the banks of the river Amazon, and the Mamas Indians call the resin which 
they extract from it caJmchu (pronounce caoutchouc). They make boots of it, 
which do not draw water, which, after having been blackened by holding them in 
the smoke, have all the appearance of real leather. They coat earthen moulds in the 
shape of a bottle with it, and, when the resin is hardened, they break the mould 
and force out the pieces through’ the neck and mouth ; they thus get a non-fragile 
bottle, capable of containing all kinds of liquid.” Pursuing his investigations, he 
describes the peculiar use which one of the tribes made of indiarubber. “ The use 
which is made of this resin by the Omaguas, in the middle of the American con- 
tinent, on the banks of the Amazon, is still more singular j they make bottles of it, 
in the form of a pear, to the neck of which they attach a fluted piece of wood. By 
pressing the bottles, the liquid which they contain is made to flow out through the 
fluted piece of wood, and by this means these bottles become real syringes.” That 
is the origin of the name given by the Portuguese to the tree, which yields this 
rubber, Fao de Ciringa (syringe-wood), and of seringarios (seringueiros) to the 
rubber collectors. Preoccupied by his scientific researches, determining an arc of 
the meridian, Lacondamine could not continue his investigations on the indiarubber 
tree, and matters would have remained so if he had not found, in Fresneau, the 
French engineer stationed at Cayenne (an isle of French Guiana), a collaborateur as 
persevering as he was enlightened. Fresneau, wbo seems to have foreseen all the 
future importance of indiarubber, carefully inquired into its real source. No toil 
rebuffed him, not even the horrors of a residence in Cayenne, and finally he found 
among the Coussaris Indians the much-sought-after tree. In a note which he 
addressed to Lacondamine, he described the characteristics of the gum tree, and, at 
the same .time, communicates the first exact notions as to the methods employed 
by the natives to obtain indiarubber. ‘‘ They commence,” he says, “ by washing the 
foot of the tree j then they make, with a bill-hook, longitudinal but rather oblique 
incisions which should penetrate the whole thickness of the bark, taking care to 
make them, one above another, so that the flow from the top incision falls into 
the incision underneath, and so on, until the last one, at the bottom of which a leaf 
of the Balisier (an American reed) is placed, which is made to hold the liquid by 
potter’s earth, so as to lead the juice into a vessel jdaced at. the foot of the tree. 
To utilise the milky juice of the different trees which I have mentioned, all of which 
are resinous, a mould is made of potters’ earth, according to the shape of the vessel 
which it is intended to make, and, to hold it more conveniently, a piece of stick 
is sunk in the place which is not to be coated with milky juice. An aperture is 
thus secured through which the potter’s earth may be afterwards expelled, by 
introducing water to soften it. Any one mould being shaped, polished, and 
softened with water, it is coated all over with milky juice by means of the fingers, 
after which this coating is exposed to a denser smoke, where the heat of the fire 
hardly makes itself felt, keeping constantly turning it, so that the juice may be 
spread equally over the mould, and taking good care that the flame does not reUch 
it, which would cause the milky juice to boil, and thus to form small holes. As 
soon as a yellow colour is seen, and this first coating is no longer tacky to the 
fingers, a second layer is applied, which is treated in- the same way, and so on with 
the other coats, until it is judged to be sufficiently thick, and then it is kept longer 
over the fire so as to evaporate the whole of the moisture, until nothing but 
elastic resin remains, . . . finally, the objects “will be the more substantial the 
greater the number of coats which have been applied. With this juice and linen 
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sheeting, tarpaulins, pump hose, divers’ clothing, bottles, sacks for containing 
campaigning biscuits, etc., may be made, without fear of this material imparting 
any bad smell j but all these things can only be executed on the spots where the 
trees grow, as these juices, soow lose their 

The communications of Lacondamine and Fresneau induced the French botanist 
Fuset-Ablet to start for Guiana in 1762, and two years later he published his 
Flora of in which he gave a botanical description of the indiarubber 

tree, which he named Hevea guycmensis. A doctor of medicine of Penang or 
Prince of Wales Island, James Howison, .was the first to determine, in 1798, under 
the name of cm elastic gum vine^ the species that later on was called dastica 

by Roxburgh, who, aided by Mr, Smith of Sylhet, discovered in the forests of 
Brahmaputra, in Assam, the Ficus elastica^ the Assam rubber tree. The peculiar 
circumstances under which each of these trees were respectively discovered to yield 
indiarubber are so interesting as to merit description. With regard to the Urceola 
elasticth^ this tree was the principal source of supply from the East prior to the 
introduction of that from the Ficus elastica. Its importance seems to have been 
discovered by accident, towards the close of the last centmy, the circumstance 
being recorded in the Asiatic Researches of 1798. It appears from the narrative, 
that in clearing a way through the jungle with cutlasses in the island of Penang, 
the juice which had collected on the blades turned on drying into a substance 
possessing all the characteristics of indiarubber. The source of the juice was 
found to be a vine about as thick as a man’s arm, which trailed along the ground 
for a great distance, sending out rootlets from each joint, and ultimately climbing 
to the top of the highest trees. The plant was introduced into various botanic 
gardens as a species of the genus Hevea^ to which the well-known Para rubber with 
which it is still occasionally confused belongs. The earliest writer on Assam 
rubber was Dr. Roxburgh. His attention was first directed to the rubber as a 
waterproofing material on a vessel containing honey, sent to him in 1810 from 
Sylhet by Mr. Matthew Richard Smith. More recent writers assert that the natives 
of Assam have utilised the properties of gum-elastic for ages to waterproof baskets 
and to burn as candles. ^ Coffigny discovered in Madagascar a sarmentose plant 
of the jasmine species, which furnishes a milky juice which, in thickening, yields 
an elastic juice, like indiarubber. 

Mamihot Glaziowii mudL d^arg,, the tree which produces the rubber known in 
commerce as Ceara, was exploited in Brazil for a considerable period before it was 
botanically identified. It was discovered by Dr. Glaziow, a French botanist, in the 
neighbourhood of Rio de Janeiro, Brazil, and was described and named after him 
by Mueller in Martin’s Flora Braziliensis^ xi., part ii. 

Although some seventy species of Manihot are said to occm’ in Brazil, it was 
generally stated until quite recently that Manihot . Glaziomi alone yielded rubber 
of commercial value, but it now transpires that a distinct species is being 
cultivated in South America. The latter plant appears to be well Imown in San 
Paulo, South Brazil, but it has not been botanically identified nor is it known 
how the rubber which it produces compares with that yielded by Manihot GlaziowiL 

The utilisation of rubber for making articles for domestic purposes was not only 
practised by the natives of Central and South America, but also by the tribes 
inhabiting Assam, long before it was known to Em'opean nations. Ernst states 
that the “ Cambibas, a section of the tribe Amaguas on the Upper Amazon, used 
rubber juice in pre-Columbian times to make waterproof vessels for carrying food 
and water, giving it the name of caucJwj no doubt the original of our word 
caoutchouc.” Further, it is related that in 1755 the King of Portugal, Don Jose, 
having heard of the wonderful waterproof materials used by the Indians, “ sent 
several pairs of his royal boots to Para in order that they might be covered with 
rubber.” It would appear to have been towards the end of the eighteenth century 

^ In any case, Assam rubber was unknown in Calcutta in 1828, as, When an upcountry 
gentleman sent some to his Calcutta agents, they replied, “tlie article being unknown in this 
market, we are sorry we can give you no idea of its value.” 
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before rubber was imported into Great Britain, where the name of indiarubber was 
first . given to it owing to the facility with which it removes black-lead (graphite) 
pencil marks. Whilst botanists were accomplishing their task, chemists studied the 
new resin, and succeeded in dissolving indiarubber.^ 

1761. — Herissant and Macquer published the first technical monograph on india- 
rubber “Etudes sur les racines du caoutchouc de cayennes,” and in 1763 addressed 
memoirs simultaneously on caoutchouc to the Paris Academy, and enumerated 
DippeVs animal oil^ spirits of turpentine^ as well as pure ether ^ as bodies capable 
of softening and even of dissolving the elastic resin insoluble in water and alcohol. 
They proposed to use this resin, softened in this way, in the manufacture of 
medicinal probes and small tubes .for use in laboratories. 1770. — The English 

chemist Priestley (1733-1804:) called the attention of the scientific world to the 
use of indiarubber. He recommended the use of the “ rubber ” for effacing pencil 
marks. 1772-75. — It was Magellan who spread this method in Prance, and, at 
the stationers^ shops in France, as far back as 1775, small cubes of indiarubber • 
could be obtained, which were for the nonce called peaux de negres (niggers’ skins), 
but in England the name indiarubber has been definitely retained. 1780. — The 
experiments of Bernard, a French chemist, completed the work of Macquer and 
Herissant, and forecasted the numerous applications which could one day be made 
‘ of indiarubber. Between times, Faujas de St. Fond occupied himself with a sort 
of bitumen found in the mines of Castleton (Derbyshire), and which he did not 
hesitate to term mineral caoutchouc. 

1780-1820. — Fourcroy (1735-1809), like H4rissant and Macquer, acted on 
rubber with ether and caused it to swell therein. Berthollet (1748-1822) 
and Giobert also studied indiarubber, whilst Grossart made knowm the most 
convenient way for making, from the Brazilian indiarubber, bottles, and all the 
tubes and other articles which are required not only for physical or surgical 
purposes, but also for domestic use. In order to prepare small tubes, he cut the 
bottles into thin narrow strips of the most suitable shape, and after they had been 
softened and become swollen, by having been immersed in ether for half an hour, 
or a little longer in essential oil, he rolled the strip on a mandrel, and pressed the 
substance strongly by means of a bandage twisted into a spiral. In drying, the 
surfaces amalgamated, and the objects so prepared preserved the form which had 
been given to them. Payen gives a somewhat different account of the way in 
which Grossart made his tubes. The cut strips were twisted into a helix and 
moulded on to slightly conical glass tubes. These were rendered durable and 
uniformly flexible by applying them as an envelope round brass or steel springs^ 
termed bretelles. We shall only cite in passing the attempts — more or less fortunate 
— of Charles the physicist, in 1785, to coat his aerostat with rubber dissolved in 
turpentine (spirit), of Besson (1791-93), of Johnson (1797), of Champion (1811), 
of Clark (1815), for rendering clothing waterproof by solutions of indiarubber, and 
finally arrive at the year 1820, which gave birth in real earnest to the indiarubber 
industry. 

1820. — The English mechanic Nadier discovered at this time the means by which 
indiarubber could be cut into thread, and to make from it articles in common' 
use and elastic fabrics, to replace advantageously the brass .wire rolled in spirals. 
In this year James Hancock established in England the first rubber manufactory. 

1823. — Mackintosh discovered and applied a solution of indiarubber in coal-tar 

^ Prom 1736 till 1770 it appears to have been a mere curiosity. In that year it was 
introduced to the British public for the purpose to which it was long almost exclusively 
devoted, and from which it has derived its familiar name. In the preface to a book on 
perspective, published in that year, the following interesting passage occurs ; “ Since this work 
was printed off, I have seen a substance (no name is given to it) excellently adapted to the 
purpose of wiping from paper the marks of a black-lead pencil. It must, therefore, be of 
singular use to those who practise drawing. It is sold by Mr. Nairne, mathematical instrument 
maker, opposite the Royal Exchange. He sells a cubical piece of about half an inch for three 
shillings, and he says it will last for several years.” Translator’s note to 2nd English Edition. 

^ Bone naphtha. 
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tiaphtlia, and tliiis created the waterproof garment industry which took the name 
of the inventor. Eeithofer of Vienna made simultaneous experiments on garments. 
But the use of ' indiaruhber presented numerous difficulties; the substance was not 
very easy to manipulate, required special plant, and the. methods adopted for effect- 
ing solution — still imperfect — ^rendered it difficult to impart to indiarubber articles 
any well-determined shape. 

1830. — About 1830 Rattier and Guibal applied the property of the non-ex- 
tensibility of rubber stretched in the cold to weave indiarubber threads (in chain) ; 
they made laces which, heated to 40° C., contracted and resumed their primitive 
elasticity. Very excellent goods were produced in this way, but liable to harden 
in cold weather. The first Trench rubber factory was established at Clermont 
Terraud in 1830. ■ 

1836. — These obstacles were surmounted in the end of l836, when it was found, 
in consequence of the researches of Thomas Hancock in England and Chaffe in 
America, that indiarubber cut into small strips, or shredded and submitted to 
energetic kneading under the influence of a moderate heat, could be reduced into 
thick masses, that its elasticity could for the moment be suppressed, and that, in 
this state, it was capable of assuming whatever form was desired to be impressed 
upon, it. The manufacture of indiarubber articles of daily use was henceforth a 
solved problem ; the discoveries of Rattier, Guibal, Aubert, and Gerard succeeded 
each other rapidly, and caused the industry to make remarkable progress. Bernard 
used the heavy oils from rubber distillation in varnish making, and Nikel of Vienna 
first produced laminated sheets. 

Vulcanisation . — This progress, however important, would have remained barren, 
and the very existence of the new industry would have been in peril, without one 
of those opportune inventions of which last century furnished. so many notable 
examples. Indiarubber goods are subject, without exception, to a great defect 
proceeding from the deterioration of their elasticity under different circumstances 
and conditions. In fact, indiarubber is very elastic at the ordinary temperature ; 
it is so to such an extent that a thread may by a pulling force be stretched to 
five or six times its original length, to resume its natural length if the cause which 
produced the elongation ceases to act. Cold causes it to lose this property ; it 
becomes hard, and if it be attempted to elongate it in this condition, it breaks. In 
the heat of summer, or under the influence of artificial heat, the elasticity is restored. 
But natural indiarubber, besides its impermeability and elasticity, possesses a very 
energetic adhesive property, especially in contact with itself. This property, 
utilisable for indefinite elongation of threads and sheets, for example, is extremely 
injurious in the manufacture of certain articles. In the heat of summer this 
adhesiveness is still further accentuated ; the indiarubber becomes tacky and pitchy, 
whilst at the same time it gives off a very disagreeable smell. The grave nature 
of the defects of crude indiarubber will be better understood from a few examples. 
One of the first industrial applications of indiarubber, as has been already 
mentioned, was the waterproofing of garments. Though excellent against rain, these 
garments split and broke under the influence of cold, however feeble its intensity ; 
they became viscous, and in summer, on the other hand, under the action of the 
sun’s rays, they became tacky. It was the same with indiarubber shoes, goloshes, 
Souliers indiens, which, whilst they were not very graceful in shape, were at first 
well patronised by European fashion. But very soon the consumer did not want 
any more of them at any price. Mackintoshes, as then made, shared the 
sarne fate. 

1832. — Going back a little to pick up the thread of the history of vulcanisation, 
the German chemist Ludersdorf, famous for his alcohol vapour lamp, was the first, 
in 1832, to observe that sulphur removed the viscosity of indiarubber dissolved 
in spirits of turpentine. He afterwards claimed the discovery of vulcanisation. 

1839. — The Hayward patent, taken out by Goodyear on 24th Tebruary 
1839, pointed out the changes induced in indiarubber under the action of sulphur, 
.but it indicated neither the prpportions nor the temperatures under which the reaction 
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is rationally conducted. Flowers of sulphur was used to dust over sheet-rubber 
and thus attenuate the clammy adherence of the gum. 

1844. — Goodyear, who seems to have been the prime mover in the Hayward 
patent, seems to have been somewhat dilatory in following the matter up. But in 
1844 he described how he had solved definitely, in 1839, the question of the 
industrial production of an indiarubber neither brittle at low temperatures noi* 
tacky at high temperatures. He described the properties which sulphur imparted to 
rubber by Combining therewith, and the process was henceforth known as vulcanisd- 
tiort, Goodyear’s discovery consisted in submitting natural indiarubber, first to the 
action of sulphur and then to that of rather a high temperature. The term 
'vulcanisatibn was given to this process, and the indiarubber so treated was termed 
vulcanised, indiarubber. Vulcanised indiarubber preserves its elasticity at a low as 
well as at a high temperature up to 120® C. (248® F.) ; moreover, it resists better 
the action of chemical reagents. Vulcanisation gave an impetus and development 
to the indiarubber industry that henceforth had no bounds, and, duriUg a period 
of twenty successive years, each day brought its contingent of discoveries and im- 
provements in the new industry, which had just made its exit from the embryonic 
stage of development. If Goodyear patented his process of vulcanisation by 
mechanical mixture, his fortunate and very inventive rival, Hancock, took out a 
patent in 1844 for vulcanisation in a sulphur bath. ‘Parkes, the chemist who 
in 1843 had already discovered a better pirocess of dissolving indiarubber by a new 
vehicle, carbon disulphide, patented in his turn a method of vulcanisation called the 
steeping or immersion method {au i/rerrvpi)^ or vulcanisation in a bath of chloride 
of sulphur. We owe to the same chemist the first process for desulphttrising 
vulcanised indiarubber Waste. Peroncel and several other manufacturers improved 
the sulphur chloride process by applying it to the raanufacture of a Whole host 
of products used in the industrial arts, surgery, and domestic economy. Guibal 
made by the aid of talc and indiarubber, mixed into a paste, a cylinder from which 
thick rings were cut. The first vulcanised rubber boots were made at Vienna by 
Reithofer in 1850. 

Austin H. Day took out a patent in 1858 for improved vulcanisation, and 
Gerard proposed the alkaline sulphides for the vulcanisation of thin objects. 
Finally, the series of grand discoveries terminates in the Invention of hardened 
rubber or ebonite, likewise due to Goodyear. This indefatigable investigator was 
able by a more energetic treatment of the indiarubber, by means of sulphur, to 
transform it into a horny mass analogous to whalebone and even to ivory. 

Hancoch^s patent.— to this point no mention has been made of the patent 
taken out by Hancock in 1846 for moulding objects in caoutchouc, an invention 
which was the starting-point of solid moulds, buffers for railway rolling stock, etc., 
valves, engine and machinery belts, then of hollow moulds (toys, etc.). These are 
important advances without doubt, but not indispensable to the forward march of 
an industry which has created itself all in one piece, so to speak, and which 
certainly has not had its last say. 

Later researches, developments, and improvements are fully described iii the 
sequel. These at the present day all tend towards scientific tapping and the 
production of pure well-coagulated rubber, thoroughly washed and dried, in one 
word, cured on the spot by the planter in the most rapid, thorough, and effective 
manner possible. But what gave to the indiarubber industry the greatest impetus 
it ever received. Was undoubtedly the re-invention by Dunlop of the pneumatic tyre 
previously suggested by Thomson, the forerunner of aU the tyres now used so 
extensively in many branches of locomotion. 
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INDIAKUBBEE, LATEX; DEFINITIONS; LATICIFEROUS 
VESSELS; BOTANICAL ORIGIN, HABITATS 

Synonyms. — ^EnglisL, Elastic^ Gum Elastic, Caoutchouc ; Latin, Gummicum 
Elasticum] French, Le Caoutchcnic, Gomme Elastigue, Gomme) German, 
Gummi ; Spanish, Seringa ; Portuguese, Xirringa. 

Definition. — Indiarubber is a hydrocarbide ^ of vegetable origin, extracted from 
the juice secreted by the protoplasm of a so-called primordial cellular tissue 
of a great number of trees, shrubs, and vines, climbers or bindweeds of hot 
countries. The principal vessels of this tissue are situated in the inner layers of 
the bark, outside the liber bundles and their sclerose sheath (when it exists). 
They send out numerous branches, some outwards, across the bark to the epidermis, 
where they terminate in a cul de sac ; the others, less numerous towards the 
interior, cross the endodermis and the medullary rays to the pith, around 
the periphery of which they diverge longitudinally. This carbide of hydrogen ^ 
and its derivatives, the issue of the activity of the protoplasm, would not 
appear, at least according to certain naturalists, to be afterwards employed in 
the life of the plants and it is considered by them as a product of elimination, a 
reserve product, utilised by man in the arts and industries. Other men of science, 
with whom we more readily agree, consider this carbide necessary, at least partially, 
to the life of the plant. 

The Latex. — If an incision be made on rubber-bearing plants, there flows 
from it a milky juice, having some resemblance to the milk of the goat; the latex, 
collected therefrom, under suitable manipulation, abandons its suspended micro- 
scopical globules to form a more or less white solid matter, which is indiaruhher. 
These globules have a diameter of not more than two to three micromillimetres ^ 
(Adriani). Where the latex is abandoned to itself, the globules gradually separate 
from the aqueous liquid, and form a true cream on the surface. In narrow 
vessels, they aggregate into flakes, distributed through the whole liquid. The 
properties of latex may be summed up thus : it possesses the density of cream, is 
slightly amber-coloured, mixes with water, but not with naphtha or any other solvent 
of indiarubber. Its specific gravity varies between 1‘02 and 1’41, whilst that 
of caoutchouc is 0*930. In regard to its percentage of pure rubber, it varies 
considerably ; the typical latex, that of Para (Brazil), is composed as follows 


Table I. — ^Typical Analysis op Paea Latex. 


Pure indiarubber 

Per cent. 

32 

Albumenoid extracts and mmeral water 

12 

Water 

50 


^ The terms carbide of hydrogen and hydrocarbide show the direct relationship of this class 
of compounds to the metallic carbides better than the misleading term hydrocardon. 

- A micromillimetre = the thousandth part of a millimetre. 
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ihe rubber-yielding milky juice of caoutcbouciferous plants is a watery fluid, 
oontamiiig diverse substances in solution, in wbicli there are suspended minute 
globules of rubber. The milkiness of the juice is due to the difference in the re- 
tractive power of the solution and the suspended globules. The latex falls to be 
ditierentiated from the juice, from which it essentially differs. The latex is, as a 
matter of fact, a secretion and (some say) not at all indispensable to the well- 
l)elng of the plant. Hence comes the, idea that the plant would be perfectly healthy 
and discharge all its functions normally if the latex were collected from it in a 
rational manner and by a system of tapping which did not injure the vegetable 
tissues to any great extent. But, in any case, some slight incisions must be made 
t() start the flow. The goal at which we should aim is to obtain the largest flow 
of the best quality of latex in the shortest period of time, and with the least per- 
mauent injury possible to the rubber-producing tree and to the soil. 

LaHc'iferoibs vessels, — The system of laticiferoiis vessels of caoutchouciferous 
plants would appear to G. David to be simple isolated cells which follow the 
elongation, and, at the same time, send laterally, across the meatus of the ambient 
tissue, ramifled branches wdiich are prolonged into the leaves. These branch 
laticiferous cells belong not to a flbro-vascular bundle, but to the fundamental 
parenchyma. G. David^s observations are quite in accord with the micrographical 
reseandies of Trticul, C. R., 1865 (2° Semestr., page 159 and page 294). It is 
neticssary to difterentiate between the morphological structure of the various 
systems of laticiferous vessels of the different families to which the individual india- 
rubl >er plants belong. According to Sach’s Treatise onBotany (Paris, 1874), the system 
of iMkiferom vessds of the Urticacece^ very highly developed especially in the Ficus^ 
threads its way through the bark, in the immediate neighbourhood of the liber 
fibres ; it is also found in the pith of the Ficus, never in the wood. But these 
Viissels are neither so abundant, nor so decidedly articulated, as in the Fapaveraceoe, 
nor so regularly anastomosed in a network of narrow meshes, as in the ChicoracecB, 
They travel between each internode of the stem, side by side, almost isolated, like 
long, uuintorrupted, cylindrical tubes, which, but rarely, send out lateral branches, 
and only communicate, here and there, with the neighbouring tubes. In the 
nodes, on the contrary, iind in the leaves, they assume numerous ramifications, at 
times anastomosed in a network, and form small, fino prolongations terminated in 
a finger-stool. In the thick leaves of several fig-trees they spread far through the 
parcncliyma, and even come in direct contact with the epidermis. 

Laticiferous vessels of the Euphorhiacecje, ApocynecB, and Asclepiadece, — The 
laticiferous vessels of the Euphorhiacem resemble the preceding, in so far as they 
liktiwiso ramify, and are abundantly distributed throughout the whole of the funda- 
tmmtal tissue, but they differ from it because their sides are thicker, and resemble, 
in transverse section, the liber fibres ; attaining their greatest development in the 
nciglibourhood of the latter, which they sometimes entirely replace. From this 
point they send out Inunchcs into the bark and into the pith, forming numerous 
ramifications especially in the nodes of the stem and the armpits of the leaves. 
Tlie laticiferous vessels of the Asclepiadem and the Apocynece have a still greater 
resemblance to the liber fibres ; like the latter they are (1) partly pointed at the two 
ends, and (2) their sides are sometimes thickened and streaked in a characteristic 
manner. Sometimes they occupy essentially the place of true liber fibres, whilst 
on other occasions they are united and mixed with them in the liberian bundles, 
moreover they sometimes surround them. It is, therefore, by the simple presence 
of the milky juice that the relationship of these transformed liber fibres, with the 
true laticiferous vessels, is recognised ; the more milky their contents, the thinner 
does their cell- wall become. Besides the simple and fibrous elements, ramified 
jind anastomosed tubes are found, which are more especially abundant in the nodes, 
in the pith, and the bark. 

D iff erentiation of rubber from milhy juice of plants of temperate climates. 
The flora of temperate countries include a large number of plants with a milky 
juice, l)ut these juices do not always contain indiarubber ; and, even when they do 
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contain it, it is too often present in sncli small quantities that its industrial working 
would not be profitable. The nettles, the poppies, the lettuces, the castor-oil plant, 
the fig-trees, etc., of our temporate climate cannot, therefore, be considered as 
indiarubber-yielding plants, and there can be no question of obtaining rubber from 
them on a large scale. Of the several hundred plants endowed with a milky 
juice, as yet, no more than fifty contain indiarubber in such a proportion as would 
pay for the cost of extracting it. 

Ruk^er-producing zones. — Only the tropical and intertropical zones, from the 
30** N. lat. to the 30® S. lat., yield plants of a certain economical value, 
so far as the question now at issue is concerned. There, a vast belt of land, 
800 kilometres (say 500 miles) wide, encircling the globe all round the Equator, 
fulfils all the conditions requisite for the production of indiarubber plants of 
commercial value. There, a moist warm climate prevails at one and the same time. 
The temperature generally varies from 26® to 42® C. (from, say, 80® F. to 108® F.), 
whilst the mean average rainfall is 2*09 metres (say 81 J inches). Some author- 
ities restrict the indiarubber zone to 25® or 28® north and south of the Equator. 
This zone is divided by Drude into— (a) the tropical American, including the West 
Indies ; (f) the tropical African, including Madagascar ; and (c) the Indo-Malay 
region, including Oceania. The world’s supply of indiarubber is drjawn exclusively 
from these three regions. . . 

Botanical origin of rubber-producing plants. — The plants which yield the india- 
rubber latex are not always . of the same species, nor are they even of the same 
botanical order over the whole extent of the indiarubber zone. They belong to 
different botanical orders, more especially (1) to the Buphorbiaceoe or spurgeworts; 
(2) to the ArtocarpeCB family of the Urticaceoe or nettles ; (3) to the Apocynaceoe 
or dogbanes j (4) to the Asclepiadiacece ; and (5) various other . orders. But an 
appreciable difference exists between the various species of the same order, not 
only in regard to the quantity but in an equal degree to the quality of the 
indiarubber which they yield. The indiarubber-yielding plants of tropical America 
are chiefly arborescent, Hevea Braziliensis, Ilanihot Glaziowii, Sapium biglandu- 
losum, Oastillod elastica^ etc. A few shrubs like Parthenum argentatum, etc., 
and climbers like Fosteronia fioribunda^ also flourish there. The African rubber 
industry, including that of Madagascar, depends mainly on climbers (vines), or 
as the French term them, lianes. Such are the various species of the genus 
LandolpJiia^ ClitaTidria, Garpodinus, Cryptostegia. But lately trees indigenous 
to Africa have yielded an appreciable a,mount of rubber, and have thus brought a 
notable contingent to swell the supply from the climbers. The rubber of the 
Indo-Malay region is secreted by (1) gigantic trees. Ficus elastica, Sapium insigne, 
and by (2) climbers, Cryptostegia, WUlughbeia, Urceola^ Leuconotis, Parameria. 
The characteristics of the species introduced into and acclimatised in these different 
zones and rationally cultivated therein will be described in their proper place. 

As will be seen later on, the quantity of commercial indiarubber does not 
depend solely on the plant producing it. Many other determining causes 
intervene to increase .or diminish the production of the latex, and to determine the 
production of superior or inferior quality latex. But, ceteris paribus, the most 
superior grades of rubber are produced from plants belonging to the natural order 
Euphorbiaceoe, the botanical characters of which are now given. 

1. Natural Order EuphorbiacecB (spurgeworts) ; tribe Grotonece . — 
Essential Character. — Flowers, monoecious or ‘ dioecious. Calyx, none, or 
lobed, inferior, with various glandular or scaly internal appendages. Males: 
Stamens, definite or indefinite, distinct or mohadelphous ; anthers, two-celled. 
Females : Ovary, superior, sessile, or stalked, three-celled ; ovules, solitary or twin, 
suspended from the inner angle of the cell ; styles, three ; stigma, compound or single. 
Fruit, consisting of three dehiscent cells, separating with elasticity from their common 
axis.— shrubs, or herbaceous plants, often abounding in acrid milk. Leaves, 
opposite or alternate, simple, rarely compound, usually with stipules. Flowers, 
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axillary or terminal, usually with bracts, sometimes enclosed within an involucre. 
The fruit of this order is tricoccous, that is, it consists of three carpels, which, when 
ripe, separate from each other with some elasticity, opening by the edge next the 
axis ; this, together with the unisexual flowers, distinctly marks the order. The 
SuphorhiOfCe yield as rubber-producing plants (1) the Hevea] (2) the Micrandra] 
(3) the Manihots ; (4) the Euphorbia ; (5) Sapium, In addition to several genera 
of rubber plants, this large order of 290 genera and 2500 species yields such 
economic products as teak, castor oil, ipecacuanha, and tapioca. 

(1) The Hevea (Figs, 1, 2, and 3) is a genus of the Euphorhiacece^ tribe 
CrotoneoBy which gives its name to the series of Heveas. The flowers, dioecious 
and apetalous, have a five-lobed valvular or subinduplicate calyx. The lobes are 
sometimes slightly twisted at the summit. Their andrcecium consists of five 



Fig. 3. — Eevea BrazilUmis, Flowering Twig. 


alternisepalous stamens; or six to ten, on two alternate whorls. They are 
reduced to extrorse, bilocular anthers, dehiscent along the longitudinal slope 
[loculicidal], and sessile on a central stalk ornamented and terminated by a 
sterile gymnoecium. The disc, sometimes absent or rudimentary, is generally 
developed round the base of this stalk. In the female flower, the uniovular, 
trilocular ovary surrounded by distinct glands, connate, or sometimes inconnate, is 
surmounted by a style in the form of a very short stalk, which is terminated by 
stigmatiferous, fleshy, and bilobed lobules. The fruit, which, according to Ayiblet, 
would appear to be edible, is a three-shelled capsule, each of which is dehiscent 
by means of two elastic valves. The exocarp, become fleshy before maturity, 
is easily separated from the endocarp. They are large trees, with an abundant 
milky juice, alternate leaves, elongated petioles, digitate, on three sessile or petiolated 
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le?iflets, feather veined and glandular at the base. Their flowers are arranged on 
compound mcemes, composed of axillary and terminal cymes. The central flower 
of the cyme is generally female. The tree reproduces itself with the greatest 
of facility; the envelope which contains the seed bursts with a noise like the 
detonation of a capsule of fulminate of mercury, and the seed is projected in the 
neighbourhood to a distance of about 50 to 80 feet. Reproduction was left to 
nature by the natives. The tree is upright, and grows to a large size up to 60 feet 
in height, with a conical trunk 6 to 8 feet in circumference. The top bmnches, 
when the trees grow closely together, are short, the leaves are compound and 
trifoliate. The whitish-green flowers are male and female in the same panicle, the 
female usually large and terminal. The fruit is a large dry capsule composed 



Fig. 4 . — Manihot GlazowiU Young branch (half its natural size) ; inflorescence 
(half its natural size) ; half-ripe fruit (its natural size). 

of three one-seeded pieces. The wood is white and soft, and forms bad timber. 
It is an error, which prevailed until lately, to regard the Hevea Guyanends 
(the Jatropha elastica of Linn^us and the Siphonia elastica of Schreber) as 
beix^ the real tree called Seringa or Cahuchuu by the Indians of Brazil, and as 
constituting the indiarubber tree par excellence. This is indeed the tree mentioned 
by Lacondamine, but it yields a scanty latex, which is very poor in resinous 
globules, The dry extract which is obtained from it is of a very inferior quality. 
The hevea which produces the most esteemed commercial rubber, is the Hevea 
Braziliensis (Muller d’Arg.), or Siphonia Braziliensis (H. B. K.). 

(2) The Micrandra (Benth.) is a genus of the Enphorhiacem of the tribe of 
Grotonem^ with monoecious flowers, with valvular or imbricated petals, a petandrous 
androecium, trilocular ovary, the fruit opening tardily or scarcely. They consist of 
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three or four species of trees, with alternate leaves, which came originally from 
Brazil. Their latex; is said to contribute its contingent to the supply of Amazon 
rubber. . " : 

(3) The Manihots (Plum-Adams). — A detached species of the Crotoneoe, of 
which it possesses the characteristics with male decandrous flowers, if its periai^th 
be not unique, gamophyllous, with five short divisions with a large disc in bisexual 
flowers. They consist of about seventy-five American herbs or shrubs, with, 
alternate leaves, digitate lobed, or partite. Their root is often swollen and rich in 
starch, The Manihot Glazowii (Fig, 4) or leitera yields the Geara Scraps of 
commerce or the Manisoha of the natives ; it is the indiarubber tree of granitic 
land, high and dry, just as the hevea is the indiarubber tree of low-lying, well- 



Fig. 5 . — CasHlloa elastica. Male flower-bearing branch. 


watered ground, of which a clay, rich in vegetable mould, constitutes the principal 
essential. , ^ 

2. Natubal Ordeb Urticaceoe, or nettle family. — The natural order is too 
well known to need any botanical description here. It supplies as rubber-producing 
plants (1) the Castilloa\ (2) the JVms; (3) the Artocarpus ', (4) the Acrojs>m. 

(1) The Gastilloa (Fig. 5) is a genus of the UrticacecB^ tribe Artocarpece, whose 
monoecious flowers, very analogous to those of the psevdolmedia^ are united on dis- 
tinct capitula, almost flat, or induplicated, reniform, and surrounded by, numerous 
imbricated bracts, constituting an involucre. The males, consisting of numerous 
stamens, have no perianth. The female flowers unite in numerous gloinerules, on 
a common receptacle. They possess a .calyx with four divisions, a semi-inferior, 
uniovular ovary, surmounted by a thin cylindrical style, and divided at the summit 
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into two stigmatiferous, linear, awl-sEaped, compressed, and sotaetinies convoluted 
branches. The- fruit is a drupe, which is almost dry at maturity, adhering, on 
one side, to the calyx, and containing an exalbuminous seed, with a sub-globular 
embryo with thick, almost equal cotyledons, and a short superior radicle. It is a 
tree with a milky juice, generally pubescent, with distichous leaves, unequal at 
the base, and accompanied by supra-axillary and acute oblong connate stipules with 
unisexual, axillary stipite, fasciculated, rarely numerous, often solitary inflorescences. 

(2) The FicuB (Fig. 6), a genus of the Urticacem^ suborder Artocarpece, character- 
ised by unisexual flowers, contained in a globular or pear-shaped receptacle more or 
\ less open at the summit. The male and female flowers, agglomerated together, 
sometimes exist together simultaneously in the same receptacle, and, in such a 
case, the inales occupy the upper part; more generally, however, the sexes are 
placed in separate receptacles. The calyx is formed of two to six leaflets, and is 
often fleshy, four to six stamens, opposite the sepals, or sometimes only one stamen 
{if/irostigma) or two stamens {pharmacosycea ) ; the pistils are free or connate at the 



Fig. 6 . — Ficus elastica. Branch. 


base; the anthers are introrse, with two longitudinal sutures; ovary sessile or 
stipite generally unilocular, very rare bi- or trilocular, surmounted by a style, 
inserted laterally, enclosed in the receptacle, with a stigmatic infundibuliform or 
bifid surface. Ovule descending, anatropous, or campylotropous, with micropyle 
superior and turned outwards. Fruits, drupaceous, contained in a closed receptacle ; 
mesocarp thin, membranous, often decidedly awanting ; kernel crustaceous or 
fragile, with a single descending seed, provided with a fieshy albumen. The 
various kinds of Ficus are large trees or shrubs, and sometimes climbing plants, 
latescent, generally with alternate, rarely opposite, leaves, very variable in form in 
even a single species, entire or lobed, persistent or caducous, accompanied by broad 
stipules which at first envelop the terminal buds, and become detached often very 
promptly. The inflorescences are axillary, solitary, or fasciculated, or, more rarely, 
arranged in terminal spikes or clusters. The genus Ficus is one of the most 
important of the vegetable kingdom, — more than 600 species are known scattered 
over all the regions of the globe ; but it is principally in the Malay islands and 
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the islands of the Pacific Ocean that the species attains its maximum development. 
The CaMloa being the indiarubber tree par excellence of Mexico and Central 
America, the Ficus is more especially the indiarubber tree of Eastern Asia and 
Oceania. It is only occasionally met with in Africa and America. One of the 
varieties of Ficus is very familiar to us in Europe, where, under the name of india- 
rubber , plant, it constitutes one of the ornamental plants of our hothouses, 
gardens, and apartments. In order to thrive in our climate, this plant requires a 
moderate hothouse temperature, or simply that of the orangerie^ and it can very 
well pass part of the year in the open air; it is brought indoors before the first 
frosts. Cultivated in pots, it preserves its lustre for a long tirne; in order to 
revivify it when weak, or to cause it to develop better, it is transplanted to the 
ground itself in an open-air greenhouse. Propagation is easy, and is done in 
mould or loam, under a hotbed, beneath a bell glass, by means of slips, cuttings, 
or branches, bearing two or three leaves, or even one only and provided with at 
least one bud. A light, substantial soil, rich in mould, kept very fresh during the 
period of vegetation, is that suitable for indiarubber. 

(3) The Artocarpus (Figs. 7 and 8) {Lin. apro^ tree, Kapiro^s fruit, bread-tree)., — 
A genus of Urticacem^ which gives its name to the series of ArtocarpecB^ described 
by several authors as a distinct family, under the name of Artocarpacem. Its 



Fig. 7 . — Artocarpus incisa. Flowering branch and fruit. 


fiowers are monoecious. The male flowers have a more or less deep and imbricated 
two to four-lobed calyx, a single stamen with a central smooth pistil and smooth 
anther, bilocular and dehiscent by two sutures. The female flowers have a tubular 
receptacle, very concave, dug like a well on the common receptacle of the inflor- 
escence, the sides of which bear a gamophyllous perianth, sometimes at the summit, 
whilst in the bottom a sessile or short stipite ovary is inserted, free, and surmounted 
by a lateral or central style, enclosed or exposed, simple or two to three-lobed at 
its stigmatic extremity. This ovary is, originally, bi- or trilocular, the only one 
persistent division of which in the adult stage contains in its internal , angle a thick 
placenta, on which is inserted a descending anatropous ovule, with the micropyle 
superior, exterior, and often covered by an obturator. At maturity each ovary becomes 
an achene, the descending seed of which contains under its integuments a curved, 
exalbuminous embryo, generally with very unequal cotyledons. The aggregate of 
all these achenes, enclosed in the mass of the receptacle, which often becomes 
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starcty, constitutes a compound spterical or oblong fruit. Of forty odd species of 
A^aarpus known m Asia and Oceania, only five are commercially important in 
Iney are trees with a milky juice, soft wood, alternate entire leaves, or divergently 
cut, and accompanied by two lateral connate stipules, in a broad, supra-axillary 
sheath which envelops the young branch, and leaves, after it sheds itself, a linear 
annular cicatrice. The flowers are arranged in glomerules in distinct receptacles, 
nat ot the males in the form of a cylindrical or elaviform spike, furnished, on its 
erterior surface, with sessile flowers, generally intermingled with peltate bracts, 
whilst the females are arranged, in the receptacle, in the depression referred to 



Fig. 8. — Artocarjms incisa. 

above. Its viscous latescent latex is used by tbe Indians to make bird-lime. But 
it is especially valued on account of its fruit in Oceania (Taiti). It is a tree which 
may rise to a height of 50 to 80 feet, with a trunk as large as a man’s body. 

^ (4) The Cecropia (Loefi.). — Genus of JJrticacece, belonging to the family of 
ConocephalecB^ distinguished by its dioecious flowers in very dense spikes. Perianth 
of the male flowers, open at the summit by two poi'es j stamens two, exsert with 
short filiform filaments with bilocular anthers ; perianth of the female fiowers, 
tubular, entire, or almost entire, slightly thickened at the summit. Ovary free, 
unilocular ; terminal stigma, subsessile capitulum. Monospermous achene, re- 
covered by the persistent perianth. Ovules inserted on the summit of the 
dissepiment descendant, with a micropyle directed above and outwards. Seeds 
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numerous. A tree "witli knotty brandies, fistulent in tlie internodes, alternate 
palma-bilobed leaves. Habitat. — Central and Equatorial America. 

3. Natural Order Apocynacem (dogbanes). — Essential Character. 
divided into five, persistent. Corolla, monopetalous, hypogynous, regular, 
five-lobed, with contorted sestivation deciduous. Stamens five, arising from the 
corolla; iUarmnts, distinct; anthers, two-celled, opening lengthwise ; 
granular, globose, three-lobed, immediately applied to the stigma. Ovaries, two, 
polyspermous ; styles, two ; stigma, one. Fruit, a double follicle. Trees or shrubs, 
usually milky. Leaves, opposite, sometimes whorled, seldom scattered, quite entire, 
often having cilise or glands upon the petioles, but with no stipules. They are 
readily known by their opposite leaves, and bifollicular fruit, from all orders except 
Asclepiadacem ; and from that order by their separate anthers having powdery pollen. 
The Periwinkles, Vinca major and minor, common trailing shrubby evergreens, and 
an Apocynwm or two, are the plants of this order which inhabit Europe. 

But the Apoeyoieoe or Dogbanes, noted in tropical Africa for valuable rubber- 
yielding species, yield the Vahea, the Landolphia, Fwntumia, Mascarenhesia, 
Glitandra, Garpodinus, and ' amongst other genera in various parts of the tropics 
noted for their rubber are the Urceola, Dijera, Hancornias, Camcraria, Parameira, 
Leaconotis, Anodendron, Alstonia, Ghenomorpha, Fylinabaria, Taberncemontana, 



Fig. 9. — Vahea. Entire fruit and longitudinal sections. 


Willughbeia, Hymenelopus, Diplorhynchus, Fosteronia, Ecdysanthera, Micrechites, 
etc. 

(1) The Vahea (Fig. 9), a genus of Apocynacece-crotonece, formed by some twenty 
climbers of Central Africa and Madagascar, distinguished by terminal cymes with 
corolla flowers bearing the stamens near the base of the tube, the divisions of the 
limb narrow ; fruit, a large bay with numerous angular seeds, the albumen of which 
is horny (see Landolphia). 

(2) The Camcraria (Muller). — A genus of Apocynaceoe, of the series of the 
Plmnericce, sub-section of the Euplumerieoe, distinguished by the absence of a disc 
in its flower, and by its stamens, the anther of which is surmounted by a* long 
filament. The two carpels enclose numerous ovules, arranged in twos, in their 
ovarian portion ; ripe they become two indehiscent, top-winged, hardened samaras. 
They are West Indian glabrous shrubs with opposite leaves, and flowers in terminal 
cymes. The C. lucida et latifolia (Jack) yields indiarubber. 

(3) The Po/rameria (Benth.). — Genus of ApocynacecB, allied to the Fcdysan- 
thereoe, distinguished by a calyx with several interior glands, a five-lobed corolla, 
the lobes covering over, by their left end, the elongated fruits, swollen to the 
utmost with seed. It consists of two or three vines of tropical Asia and Oceania. 
We have, provisionally, named a Cambodian species w^hich yields excellent india- 
rubber, P. Pierrei. — P. Glandulifora, often confused with Willughbeia eduh's, 
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is a large climbing evergreen shrub of the borders of the tidal forests of Tenasserim 
and Andaman Isles. 

. (4) The Leuconotis (Jack). — Genus of ApocyimcecB^ consists of two latescent 
shrubs of the Malay Archipelago, distinguished by four primitive flowers, with a 
bilocular ovary, the dissepiments containing two ovules. The fruit is fleshy, and 
the seeds are exalbuminous. Leuconotis Eugenifolicus^ milky evergreen shrub, 
of Penang, Malay Peninsula,, Sumatra, Borneo, with smooth bark, leaves dark 
brown above, paler beneath, yellow brown minutely dotted, with strong horizontal 
nerves, fruit the size of a gooseberry, furnishes some of the Straits Settlement 
rubber known as gregrip sundik (Ridley) which, with that from L, Anceps of Borneo, 
is very poor in quality, whilst that from L, Elastica of Borneo is excellent. The 
latex from L. Tuhavenis^ Borneo, is used as an adulterant. 



Pig, 10 . — Landolfhm hwariensis. Branch. 


(5) “ The Landolphia,^^ says Dewevre, “ are all, according to what we know up 
to the present day, woody vines, which climb trees, by hooking themselves on by 
tendrils formed by the transformation of their inflorescences or of certain branches, 
and by enrolling their stem round the sustaining plant. Their maximum height 
may be 25 meters (say 80 feet) (Captain Chaltin), probably even greater ; their 
trunk may attain a thickness of 15 centimetres (say 6 inches) in diameter, and 
even more (A. comorensis [Boj.], var. florida, K. Schum.) ; I have^ never seen 
trunks of that size, but I have examined, at Berlin, portions of vines haying 
a diameter of 5 centimeters (2 inches).” I cannot, moreover, give a better idea 
of the appearance and manner of life of these vegetables, than by transcribing a 
passage of R. P. Merlon relative to the L, comorensis (Boj.), var. Jiorida^ K. 
Schum., which he calls the vegetable boa: “Trailing its trunk on the ground, 
stripped underneath, gliding across all the thorns, running with enormous bounds 
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over the footpaths of the deer, circumventing the rocks, shooting towards the 
large trees, which it inlaces, throwing its bridges of verdure and its dark assemblage 
of branches from one bank of the streams of water to the other, redescending 
to the ground further on, where it entangles itself in an inextricable network of 
roots, this peculiar and wild jdant occupies immense regions in the mysterious 
forests of the interior.*’ * 

Stem, — The stem, of a brown or greyish colour, is generally covered with 
numerous lenticells. In the case of certain species {L. comoreiisis [Boj.], K. Schum., 
L, senegalensis^ D. C.) the stems are completely glabrous, but in the majority 
brownish downs are present on the young branches {L, Petersiana [KL], Th. 
Dyer, Z. Lecomte% A. Dew., L, - Kirhii, Th. Dyer, L, parvifolia, K. Schum., etc.), 
sometimes even on old branches (Z. tomentosa^ A. Dew., L, bracteata, A. Dew., 
etc.)* perhaps down is stiU present on even some of the adult stems. Leafy 
branches start from the stem in greater or less number. 

Leaves. — The leaves , are opposite, petiolated, usually elliptical, sometimes 
almost rounded (certain forms of L. Petersiana [KL], K. Schum., some leaves, of 
L. madagascariensis [Boj.], K. Schum.), sometimes oval or oboval, acute at the 
apex (L, Petersiana [KL], Th. Dyer, L. parvifolia^ K. Schum., L. Kirhii, Th. 
Dyer, etc.), sometimes obtuse (Z. comorensis [Boj.], Z. madagascariensis [Boj.], K. 
Schum., L senegalensis^ D. C., Z. lucida^ K. Schum.), or more or less rounded (Z. 
tomentosa^ A. Dew., Z. Thollonii^ A. Dew.), rather often prolonged into a long or 
short mucron, pointed or rounded [(Z. Lecomtei^ A. Dew., Z. Ilendelott% D. C., 
Z. oioariensis^ P. :D. Beauv., etc.)]; the base is most frequently cuneiform [(Z. 
Kirldi, Th. Dyer, Z. Petersiana [KL], .Th. Dyer, etc.)], sometimes more dr less 
rounded [(Z. comorensis [Boj.], K. Schum., Z. hracteata, A. Dew., Z. ThoUonii, A. 
Dew., Z. Zecomtei, A. Dew.)], rarely cordate [(Z. lucida, K. Schum., Z. bracteata, 
A. Dew.)] ; the edges of the limb are often recurved towards the inferior 
surface; the latter is often dull and pale, whilst the upper surface is lustrous and 
deeper in tint. As a general rule, these leaves are coriaceous, sometimes glabrous 
[(Z. comorensis [Boj.], var. fioMa^ K. Schum.; Z. madagascariensis [Boj.], K. 
Schum., Z. senegalensis, D. C., Z. Petersiana^ Th. Dyer, etc.)], sometimes downy ; 
in the latter case the down is not commonly found, except on the veins, and 
almost exclusively on the under side ; amongst the most downy we may cite Z. 
tomentosa, A. Dew., Z. hracteata, A. Dew., Z. Traunii, Sadeb., and Z. Michelini% 
Benth. ; on the upper surface only the mid-rib is downy, rarely some rare hairs 
are observed on the limb. In some species the edges of the leaf are ciliated, 
especially in Z. Kirhii, Th. Dyer. The presence or absence of hairs would not 
appear to be very constant characteristics. The nervation is pinnate in all the 
species of the genus ; a mid-rib is always present, glabrous or pubescent, generally 
making rather strong projectures on the inferior surface, crossed in grooves 
on the upper surface; in Z. madagascariensis it is wide and not grooved on 
the upper surface; the secondary veins are inserted almost perpendicularly or 
more or less obliquely on the mid-rib. The latter are sometimes numerous, 
l^acked parallel one against the other (Z. madagascariensis [Boj.], K. Schum.), at 
other times more distant (Z. comorensis [Boj.], K. Schum.), often uniting towards 
the margin in such a manner as to form a hem, which is particularly marked in Z. 
madagascariensis, K. Schum., Z. lucida, K. Schum., Z. Traunii, Sadeb., Z, 
Heudelotti, D. O., etc. The leaves are always furnished with a petiole, sometimes 

^ The first notice of the Landolphia yielding indiarubher is by Col. (now Sir) J. A. Grant, 
in the appendix to Spehds Journal (p. 639), repeated in an elaborate account of his 
collections published in the Linnean Society’s Transactions (xxix. 107). In tliis be says 
of Z. ftorida, “ A wood-climber, named M'hoonga (Kis), Wnd at Madi, Derembe, in a shady 
spot by a rocky burn. Its trunk travelled like a boa-constrictor along the ground till it found 
a tree to climb up, and was twenty-five inches in circumference ; ascending to the topmost 
branches, it threw down pendants of foliage and clusters of lily-white, scented fiowers. The 
milk if rubbed ujion the skin adheres like bird-lime and can scarcely be rubbed olf . . . The 
Wahiao people make playing-balls from the juice, and consider its rubber to be the most 
adhesive known.” 
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but slightly developed (Z. crassipes^ Radik.), rarely longer than 15 millimeti'es ; 
generally it is^ pitted, not swollen at the base, except in Z. crassipes, Radik., ex- 
ceptionally a little enlarged at its point of insertion on the stem, as is observed in 
Z. madagascariensis (Boj.), K. Schum. ; it is often downy, glabrous in Z. comorenm 
(Boj.), K. Schum., Z. madagascariensis (Boj.),*K. Schuni., and some others. 

Flower, — The inflorescences are terminal or lateral, all constructed on the same 
type. They consist, in a more or less reduced state, of panicles, or, more scientifi- 
cally, of corymbiform or thyrsiform cymes; they always comprise a peduncle 
which, sometimes sessile or almost sessile (Z. parvifolia^ K Schum.), may attain 
in certain species (Z. [KL], K. Schum.) a considerable length, 16 

centimetres (6J- inches). This peduncle is continued by a rachis, on which 
secondary branches are inserted, to which sometimes some small branches, bearing 
a certain number of flowers, are attached. It may happen that the tertiary 
branches are awanting, and that the secondary and primary are greatly fore- 
shortened, so as to simulate a kind of capitulum (Z. Tholloni% A. Dew., Z. 
parvifolia^ K Schum.). The rachis may be elongated so as to leave a rather 
considerable space between the secondary branches. The panicles of Z. Petersiana 
(Kl.)., K. Schum., are produced in this way. These inflorescences are generally 
covered with brown down, or glabrous in Z. comm^ensis (Boj.), K. Schum. 

After flowering, the majority of the species, perhaps even the whole, elongate 
certain of their inflorescences, sometimes very greatly (Z. Petersiana [Kh], K. 
Schum., and Z. senegalensis^ D. C.), and transform them into tendrils, which 
in the end become lignified. The flowers are always hermaphrodite, constructed 
in a rather similar fashion in the difierent species. They include a calyx, rarely 
glabrous (Z. comorensis [Boj.], K. Schum.), more frequently pubescent or covered 
with brown down, divided as far as or almost as far as its base into five lobes, 
accidentally into four lobes, often coriaceous, carinated (keel-shaped), lanceolate, 
or elliptical, more or less acute or obtuse at the apex. In Z. Kirldi, Th. Dyer, 
the base of the divisions is rounded, slightly pedicillate. The length of the 
sepals hardly exceeds 8 millimetres in those species where they are largest in size 
(Z. hracteata, A. Dew.) ; the most frequent size is 2 or 3 millimetres ; the species 
with large flowers have generally very small calices. Thus the Z. madagascariensis 
(Boj.), K. Schum., and the Z. comorensis (Boj.), K. Schum., the corolise of which 
measure 40 millimetres (say inches) and more in length, have calices of 1-5 
to 2 millimetres. There are no glands or appendages in the interior of the calyx. 
The funnel-shaped corolla always consists of a tubular portion, dividing in its 
upper part into five almost equal petals, which before flowering are twisted to the 
left. Its total size, that is to «ay, from the base of the tube to the apex of 
the petals, varies between 5*5 to 60 millimetres (say from ^ to inches). The 
tube is rarely thin and glabrous (Z. comorensis [Boj.], K. Schum.), more frequently 
hairy and coriaceous, narrow (1 to 3 millimetres), exhibiting either immediately 
above the calyx [(Z. Kirhiiy Th. Dyer, Z, Thollcmii^ A. Dew., Z. parvifolia^ K. 
Schum.)], or throughout the whole extent of the inferior part [(Z. madaga- 
scariensis [Boj.], K. Schum., Z. comorensis [Boj.], K. Schum., Z. comorensis 
[Boj.], var. florida, K. Schum., Z. Petersiana [Kh], Th. Dyer, etc.)], a more or 
less marked swelling. In Z. Lecomtei, A, Dew., this swelling is a little above 
the middle. In fact, some species, the Z. Hendeloti% D. C., for example, have 
an expanded tube throughout their whole length, only contracting underneath 
the petals. The length of the tube varies between 2 millimetres (Z. EirJcii, Th. 
Dyer) and 25 to 26 millimetres (Z. comorensis [Boj.], K. Schum., and its variety) ; 
its dimensions exceed in certain species those of the petals ; in others they appear 
perceptibly equal ; finally they are sometimes smaller. No appendages are found 
in the throat of the corolla in plants of this class. The petals are sometimes 
glabrous exteriorly (Z. comorensis [Boj.], K. Schum.); more often they are 
ciliary on their edges ; many species with small flowers have downy petals on the 
exterior; their form is generally lanceolate, oboval, or fusiform, more or less 
acute at the apex, sometimes slightly rounded. Their size, in certain species, Z. 



24 


INDIARUBBER 


KirTd% Tli, Dyer, for example, is from 3 to 4 millimetres in length by' 1*25 
millimetres in width. In others, such as the L. comorensis (Boj.), K. Schum., 
and the L. comorends (Boj.), var. Jlmida, K. Schum., they reach as much as 40 
millimetres in length by 6 to 10 millimetres in width. In the living state the 
flowers of the Landolphia are white (or yellowish), and exhale a very pronounced 
odour of jasmine ; dry, their tint varies from brownish yellow to deep reddish 
brown. The damens^ to the number of five, are lodged in the swollen part of the 
tube of the corolla, and are consequently hidden ; they are reduced to free anthers, 
in the form of arrows, prolonged into rather a long point at the apex, and 
attached by a very slender filament to the side of the tube. The pistils them- 
selves are also very short ; they comprise a globular ovary, glabrous or pubescent, 
especially at the base of the style, unilocular, containing two parietal placentas, on 
which are attached numerous small grains ] the styles which they bear at the apex 
are, in the larger species, 5 or 6 millimetres ] they are terminated by a fusiform 
stigma, pubescent, prolonged by a sort of double hanging beak. The flowers 
are intermingled with bracts, generally small and downy ; the largest are found 
in L. bmcteata, A. Dew. ; they are two in number, very downy on the outside, 
situated at the base of each group of flowers. Their dimensions are, 6 millimetres 
in length by 3 millimetres in width. 

Fruit. — The fruits are spherical or piriform bays, with a coriaceous envelope, 
which may in certain species reach the size of a cocoanut, often becoming reduced 
to the size of an orange, of an apricot, or still smaller fruit ; their colour in the 
fresh state is yellow or brown ; dry, it is black ; their surface is glabrous, 
sometimes pruineuse prickly), covered with lenticells ; inside the fruit are seeds, 
more or less numerous, which, according to what little is known of them, do not 
appear to have the same structure in all species. In fact, those of L. comorensis 
(Boj.), var. florida^ K. Schum., bear two distinctly visible, wide, thin, foliaceous 
cotyledons, applied against ‘one another, and surrounded by a horny albumen; 
those of L. Kirhii^ Th. Dyer, exhibit a continuous albumen, without differentiated 
cotyledons and a very small embryo placed at the apex of this albumen. The 
integument of the seed is, in all the known species, surrounded by an acid, edible, 
pulpy layer, which results from hairs gorged with juice which cover its surface. 

Geographical Distribution. — The genus Landolphia is peculiar to Africa; 
twenty-one species are known, spread between the 16° N. lat. and the 30° 
S. lat., that is to say, stopping on the north, where the desert of the Sahara 

commences, and penetrating neither into Nubia nor into Egypt. In the south, 

it would only appear to exist in the north of Cape Colony ; it has not yet been, 
so far as I know, observed south of the Diamond Eields. The most widely dis- 
tributed species are the Landolphia comorensis (Boj.), var. jiorida^ K. Schum., and 
the L. Petersiana (Ed.), Th. Dyer, which are found throughout almost all Africa 
to as great an extent on the eastern as on the western coast. The following 
species are met with on the western coast : — L. comorensis K. Schum. ; L. 

comorensis (Boj.), var. florida, K. Schum.; L. Petersiana (Kl.), Th. Dyer; L. 
Petersiana^ var. crassifolia, K. Schum. ; L. Lecomtei, A. Dew. ; L, lucida, K. 

Schum. ; L. owariensis, Pal. de Beauv. ; L. senegalensis, D. C. ; L. Hevdelotii, 

D. C. ; L. Michelinii, Benth. ; L. Traunii, Sadeb. ; L. tomentosa^ A. Dew. ; 
L. parvifolia, K. Schum. ; L. Manii, Th. Dyer ; L, Thollonii, A. Dew. 

On the eastern coast the following have been signalised : — L. comorensis 
(Boj.), K. Schum.; L. comorensis (Boj.), var. florida, K. Schum.; L. Petersiana 
(KL), Th. Dyer; L. Petersiana, var. crassifolia, K. Schum. ; L. Kirhii, Th. Dyer; 
L. capensis, Oliv. ; L. crassipes, Badlk. ; L. madagascariensis (Boj.), K. Schum. ; 
L, angustifolia, K. Schum. The different Landolphia, so far as is known at 
present, are quite localised. A tabular list of the regions of Africa, with the 
species which grow there, will sufficiently show this to be the case. 
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Table II. — Distribution of the Various Species of Landolphia in the 
African Indiarubber Zone 


Western Coast 


Region. 

Species. 

Senegambia .... 

rL, comomm's (Boj.), ybpc, fiorida, K. Schiim. 
Z. Pe^ema?ia(Kl.), K. Sc'hum, 

L, senegaUnsis, D. C. : ' : 

-( L, HeudelotU, D. C. 

X, Mic}ieUni% Benth. 

X. Tmunii, Sa-deb. 

'^X. tomentosaf A. Dew. 

Fontab-Dj alien . 

f X. comorensis (Boj. ), K. Schum. 

\X. Jffeuddotiij D. C. 

Gambia .... 

f senegdUnsis, D. C. 

\X. tomentosa (Lep. ), A. Dew. 

Niger, Benin, Abbeokuta 

/X. comoreTbsis (Boj.), var. florida, K. Sebum. 
IX. owariensis, Pal. de Beauv. 

Calabar .... 

fX. ‘bmeteata^ A. Dew. 

\j&. Trauni% Sadeb. 


Region. 

Species. 

Cameroons, Togaland . 

CL. comorensiSf (Boj.) YdA\ florida, K. Sebum. 

1 X. oicariensis, Pal. de Beauv. 
i X. SCeudelotii, D. C. 
lx. Maniif Tb. Dyer. 

Corisco Bay .... 

L. Maniij Tb. Dyer. 

Gaboon and French Congo . 

rL. comorensis K. Sebum. 

X. comorensis (Boj.), var. Jiorida^ .K. Sebum. 
X. Peter sia/na (Kb), Tb. Dyer. 

^ X. Peter siana, var. crassifoUa, K. Sebum. 

. X. Lecomte% A, Dew. 

X. owariensis, Pal. de Beauv. 
lx. Thollonii, A Dew. 

Congo Free State . 

,'X. comorensis (Boj.), K. Sebum. 
hX. comorensis (Boj.), florida, K. Sebum. 

X. Peter siana (Kb), Tb. Dyer. 

Lx. owariensis, Pal. de Beauv. 
lx. lucida, K. Sebum. 

Angola 

CL. comorensis (Boj.), var. Jlorida, K. Sebum, 
l x. Petersiana (Kb), Tb. Dyer. 

1 X. owariensis, Pal. de Beauv. 
lx. ;parvifolia, K. Sebum, 
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Eastern Coast 


Cape 

Transvaal 
Delagda Bay . 

Mozambique . 

Madagascar . 
Comores Isles 
Dar-es-Salam 

Zanzibar 


Usambara 

Djours , 
Bahr-el-Ghazal 


L, capensiSf Oliv. 

L. capensis, Oliv. 

(L, KirMif Th. Dyer. 

\L, Petersiana, var. crassifoliaj K. Sebum. 
rJS. KirMif Th. Dyer. 

I L. Petersiana (Kl. ), Th. Dyer. 

Iz. comorensis (Boj.), y&r. florida, K. Sebum. 
fZ. madagascariensis (Boj.), K. Sehum. 

\L. crassipes, Radik. 

Z. comorensis (Boj.), K. Sebum. 
j L. KirJcii, Th. Dyer. 

\Z, Petersima (Kl.), Th. Dyer. 
rZ, KirJcii, Th. Dyer. 

I Z, Petersiana (K\.), K. Sebum. 

VZ, comorensis, var. fiorida, K. Sehum. 

C Z, angustifolia, K. Sebum. 

I Z. KirJcii, Th. Dyer. 

lx. Petersiana (Kl.), Th. Dyer. 

lx. comorensis (Boj.), florida, K. Sebum. 

fZ. Heud^otii, D. C. 

■[ X. owariensis. Pal. de Beauv. 

'^X. comorensis (Boj.), florida, K. Sebum. 
X. Heudelotii, D. C. 


Morris classifies Zandolphia according to the size of leaf and fiower thus — 

1. Species with large flowers. — Z. florida^ Z. madagascariensis^ and L. 
Petersiana. 

2. Species with small flowers and large leaves. — Z. senegalensis^ Z. owariensis, 
and Z. tomentosa. 

3. Species with small flowers and small leaves. — Z. Kirhii. j .. 1 






im- 


Table III. — Classifioation of Landolphia, accorbino to their Value 
AS Rubber Producers 


Good. 

Doubtful. 

Worthless. 

X. Heudelotii, A. D. C. 

X. kilimandjarica, Stapf. 

Z. florida, Benth. 

X. Kirkii, B. Dyer. 

X. BucTiananii, Stapf. 

. X. uganensis. 

X. Dawei, Stapf. 

X. Holzii, Busse. 

X. suUurbinata, Stapf. 

X. owariensis,- Beauv. 

1 

X. drovgmanansia, de Wild. 

L. Klaireii, Pierre. 

X. reticulata, Halker. 

Z. Petersiana, Dyer. 

X. Pierrei, Hua. 

X. lucida, var. Hispeda, Hall. 
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(6) Fmitumia, ela^ica. — This is a plant of recent importance (see pp. 84 et seq.). 

(7) The Urceolas, genus of Apocynacem^ consisting of six Malay vine^S 5 
distinguished in the Ecdysantherem group by flowers with a non-glandular calyx ; 
an areolar or globular valvate, subinduplicate, or more often slightly twisted 
corolla, the right edges of the lobes folding backwards on themselves; an entire 
or hve-lobed disc. Urceola elastica^ a climber with a trunk as thick as a man’s 
body, has a soft, thick bark, may be tapped when three years old, and soon 
shoots up after being cut down. Borneo rubber is not the product of an Urceola, 
but of species of Willughheia and Leuconotis, Urceola (Chavannesia) esculenta, 
Benth., a climbing plant with smooth branches and leaves, known locally as “ Kyat- 
poung-lipo,” is a troublesome weed in the teak forests of Burmah, but yields 



Fro. elastica, Stapf. Natural Order, Jpocyncece. The ire or Lagos 

rubber plant formerly known as Kicksia Africana. 1, Flow^ering branch, tw’^o- 
thirds natural size ; 2, bud ; 3, segment of calyx with glands at the base ; 4, corolla 
cut ot)en wdth style and stigma removed ; 5, another front view ; 6, pistil 
with disc, d; 7, a, pair of follicles, fruit two-thirds natural size ; 8, seed of 
transverse section of seed ; t, testa, a, albumen, c, cavity = Nos. 2-6, 8 and 9, 
all enlarged.— (Kew Bulletin.) 


caoutchouc of excellent quality. The plant is cultivated to some extent for the 
of its fruit, -which finds a market as a substitute for tamarinds. It has 
been under experimental cultivation in Madras, but it was found to be slow of 
orowth, and not regarded as of much promise as a rubber producer. Several 
species of this genus have been reported as yelding fair quantities of useful rubber. 
Urceola esciilenta, Benth., in British Burmah and other parts of India, yields 
dry rubber with 75-80 per cent, of caoutchouc. Urceola elastica, Koxb., in 
Malaya • Urceola acute acuminata, Boer., in Borneo ; and Urceola Maingayi, 
Hook f. in Singapore and Borneo, are said to yield milk occasionally rich in 
caoutchouc. One species— yielding 25 grammes of rubber— Urceola Iraehysepaia, 
Hook, f., thrives in Malaya, Borneo, and Java, and may be cultivated up to an 
altitude of 2300 feet (Jumelle). 
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(8) The HancoToiias. — A genus of Apocynacect-crotonece, sub-tribe Eucarusm^ 
characterised by a quinque-partite corolla, with non-glandular lobes, arranged in 
a quincunx manner, in the preinjiorescence. Corolla, hypocraterimorphous, with a 
narrow tube, hairy within, one at the level of the throat, surmounted by a limb 
with five linear lanceolate divisions. Five stamens, inserted in the middle of the 
tube of the corolla, with lanky filaments bearing linear anthers, acuminated, of the 
same length as the filaments ; nectary absent. Ovary single, fusiform, and glabrous, 
divided into two dissepiments by a thick fleshy partition, surmounted by a filiform 
style, with an induced linear, conical, bilobed stigma. The ovules are numerous, 
amphitropous, inserted on each side of the partition walls. The fruit is a globular 
or pear-shaped bay, pulpy, latescent, unilocular by the abortion of one of the 
carpels, containing numerous ovoid and compressed seeds embedded in the pulp of 
the fruit, provided with a hard albumen and a central embryo, erect, with a very 
short radical and sub-oval cotyledons. The Hancm''nias, which 3deld Mangabeira 
rubber, are small latescent shrubs with opposite entire leaves, short petioles, and 
odoriferous flowers. The fruits of the Hancornia speciosa (Gom.) and of the 
Hancornia puhescem (Nees and Mart) are commonly known under the name of 
Mangaha, and are very much sought after by the natives. 

(9) The Ahtonia (C.) gives its name to the tribe of the Alstonice^ of the family 
of the Apocynacece, Its regular, hermaphrodite flowers have a gamosepalous calyx 
with five divisions, quincocial in the bud, a gamopetalous corolla, hypocrateri- 
morphous, with five lobes, in twisted inflorescence, an andrecium of five enclosed 
stamens, and a gynoecium analogous to those of the Apocyneoe. The fruit is com- 
posed of two narrow elongated follicles containing numerous flattened seeds, 
terminated at each extremity by a winged, ciliated membrane. Fine trees of 
northern Oceania and tropical Asia. Leaves opposite, and flowers united in spikes 
of cymes. The latex is as bitter as that of gentian. Ahtonias scholaris, the 
chatwan, is a large evergreen tree, 60 feet high, found in the drier forests of 
India,, but extending to Ceylon, Singapore and Penang, the Malay Archipelago, 
tropical Australia, Africa. It has large leathery leaves and greenish-white flowers, 
with very long and slender follicles. It has long been regarded as producing 
an inelastic rubber-like substance, but so far no use has been found for it. Dr. 
Ondaatje in 1884 sent from Ceylon a large sheet of a resinous substance got from 
the latex of Alstonia scholaris. He claimed it to be a good substitute for gutta 
percha, being plastic, acid resisting, soluble in chloroform, precipitated by alcohol. 
The substance had been prepared with care and pressed into sheets. No informa- 
tion was given as to quantity available or cost of production. The specimen is 
still in Kew Museum. 

(lOy Ghommorpha (G.), — Genus of Apocynacece, sub-tribe of EuechitidecB, short, 
tubular, quinquefid calyx, furnished at its internal base with a glandular ring. 
The corolla subinfundibuliform, with a very short tube, and naked, tubular, 
elongated neck. The stamens are enclosed, with very short broad filaments, with 
antlmrs adherent to the stigma, and furnished with short appendices to the base of 
their lobes. The ovary, surrounded by a thick disc, entire, or scarcely five-lobed, 
has two distinct multiovular carpels, surmounted by a filiform style, split at its 
base, and presenting below its bifid summit a fleshy stigma, interiorly dilated into 
an annular membrane. The fruit is composed of two triqu^tre follicles, the 
numerous seeds of which, at their extremity, thinned out into a spur, exhibit a 
crown of long hairs. The albumen is not abundant, and the cotyledons are thick, 
flat, and oblong, with a short radicle. They are pubescent, sarmentose, climbing 
shrubs, with opposite, wide, feathered-veined leaves and beautiful, large white 
flowers, uniting in branching cymes, loose, terminal, and sometimes pseudo-axillary. 
Some two or three species are known in the East Indies and Malay Archipelago, 
Ghonemorpha macrophylla, a stout chmbing shrub, found in moist forests of India, 
Ceylon, Malacca, Andaman Islands, Sumatra, Java. Value as rubber plant little 
known except that “it yields a considerable quantity of caoutchouc” (Parish, 
quoted by Kurz in Forest Flora, ii., 117). 
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(11) Willughheia. — Much rubber hitherto ascribed to Willughheia will have to 
be transferred to other species (Watt). That from TT. edulis contains as much as 
84*6 per cent, of resin and only 10*8 of caoutchouc. 

(12) Car^odinus and Glitandra, — These plants secrete rubber by their stems- 
and roots. They are better rubber - producing plants than the. Landolphia 
tholloni of the same region. They grow rapidly on sandy ground, and cover the 
ground like couch-grass. 

(13) Ecdysanthem micrantha. — A large climbing shrub of Darjeeling, Himalaya, 
thriving at an altitude of 3000-5000 feet. 

Another plant, mentioned by Mr. Horne, is Alstonia plumosa. Of this there' 
is a hairy form, with smaller leaves (A. villosa, Seemann). The large-leaved plant is 
known locally as “ Drega quruquru.” Alstonia plumosa is known in Viti Levu as 
“ Sarua.” It abounds in the forests, and, if arefully treated, might prove a useful 
rubber-producing plant. Mr. .Jeske, the Commissioner for Colo North, states : “ The 
leaves are large and glossy : the gum is obtained from the petiole or stalk. As 



Fig. 12. — Plants producing the New Eoot Rubber from the Congo and Loando. A^ 

■ Carjjodinus lameolatus, natural size, showing underground stem or rhizome from 
which the rubber is obtained ; Top part of shoot of the same, one-sixth natural 
size ; C, Single flower cut open on one side, three-fourths natural size D and 
Glitandra, Henresguiana, one- tenth natural size. — (Tropen pflanzer.) 


soon as the leaf is broken a thick milky juice exudes, which when exposed to the 
heat of. the sun for a little while congeals. It is then detached with a bit of 
bamboo or knife, and the different particles are pressed together into balls. That 
is the way it is produced when required as an article of commerce.” 

ASCLEPIAEEjE 


The Cynanchum (L.) — {Asclepiadeoe, tribe Ace) — characterised by five 

partite, acutely divided calyx, containing five to ten glands within its basilar region. 
Corolla subrotate, deeply quinquefid, oblong or rounded lobes, contorted folds from 
right to left, membranous corona, in juxtaposition to staminal tube, cupuliform or 
annular at base, with five lanceolate or liguliform lobes, with small tongue or scale 
inside with denuded sinus, two-teethed, or presenting a small lobe. Stamens 
inserted at base of corolla, with connate filaments in very short tube. ^ The 
antherous membrane bent from without inwards, each dissepiment containing^ a 
^higle pollen grain, ovoid, oblong, noncompressed, attached some distance below its 
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summit. Stigma, the central region of which is slightly convex, or in form of sur- 
based cone. Follicles very thin, acuminated, light. Seeds bearded. Twining sub- 
shrubs, glabrous, or scarcely pubescent, opposite, cordiform, or hastate leaves, with 
small flowers arranged in umhelliform or racemiform, cymes, situated at the level 
of a single axil ; pedicels filiform. 



The Periploca Grceca (L.)—(J.sc^e^^ac^aC(2ce)— distinguished by granular, non 
massive pollen, glued, however, to a corpuscle, dilated at its extremity, corolla 
rotate, twisted, lined with a crown, with short, wide scales, generally prolonged into 
five awl-shaped ligules. Milky, twining plants, sometimes aphyllous. 

The Calotropis procera (E, ^Y.)—{Asclepidacece ) — with opposite decussate 
leaves, subsessile, embracing stem, obovate, superior surface smooth; inferior 
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surface covered with white woolly pubescence. Inflorescence in composite umbels, 
peduncles woolly ; large, very pretty flowers, of a rose colour mixed with purple ; 
calyx in five divisions ; corolla campanulate with angular tube, limb with five seg- 
ments, oblong, obtuse, revoluted, bent, from without inwards to the point. Corona, 
with five scales, adhering to staminal tube, rather fleshy, compressed laterally, 
prolonged in the back at base or towards middle into a tube, recurved upwards. 
Stamens with connate filaments in short tube ; pollen grains solitary in each dis- 
sepiment, oboval, oblong, compressed, suspended from summit; stigma obscured 
pentagonal ; follicles short, acuminated, with bearded seed.^ 

Cryptostegia grandiflora (E. Br.). — A handsome climbing plant, the ^^Pulay,” 
with glossy leaves and pale purple flowers in large, terminal clusters, probably 
a native of Madagascar, but now naturalised in India and many parts of the 
Tropics, is said to yield good rubber. Eubber of fair quality, about 30 per cent, 
caoutchouc. 

Natural Order CompositcB. — If this natural order comprises a great 
number of genera and species distributed over all regions of the globe, yet it com- 
prises but very few species capable of being cultivated for indiarubber ; but lately 
the source of guayule rubber in Mexico has been identified as Parthenuni 
Argentatum {Asa Gray) (see Fig. 13). 

Natural Order LoheliacecB. — Syphocampylus, a South American tropical 
species, is said to yield commercial rubber in Columbia and. Ecuador. 

According to Jumelle, Sonchus Oleraceus (L.) yields valuable rubber. Colorado 
rubber is said to be derived from a species of H 3 mienoxys. 

^ This genus is retained here as a rubber-yielding plant, as it was so placed by the authors. 
But its product is described as a pseudo gutta by Hooper. — J. G. M. 
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CHAPTEE II 


METHODS OF OBTAINING THE LATEX—METHODS OF 
PEEPAEING EAW OR CRUDE INDIARUBBER 

Beyond tlie sphere of the general causes (see Chapter I.) which influence in so 
many different ways the richness of the latescent juice, there is another and quite 
a special influence — independent altogether of the predetermining influences of 
natural agents — which depends solely on the intelligence of the operator, namely, 
the methods adopted for collecting the latex, as well as the processes employed to 
extract the indiarubber from the harvested juice. , . 

Wright points out that the “ commercial possibilities and the ultimate success 
of several species are determined by the particular type of laticiferous tissue which 
each contains; each type (he insists) requires to be dealt with in a particular 
manner : it is very dangerous to adopt the same methods of tapping for all species. 
The principles of paring and pricking the primary and renewed cortex should be 
studied more seriously and intelligently than they appear to be at. the present time. 
When one considers the great difference in the nature, mode of origin, and develop- 
ment of the laticifers in various plants, there is every reason for suggesting that 
each species should be tapped on a particular system in order to take advantage of 
the peculiarities of each type. These remarks are made because there is a tendency 
among responsible persons to recommend or adopt for their Castilloa, Manihot^ 
Funtumia^ Landolphia^ and Ficm plants, the system of tapping which has been 
found to be so successful with Hevea bmziliensis. From a study of the laticiferous 
system of our prominent plants, I am convinced that in certain instances the old, 
native, and- apparently wasteful, methods adopted in the extraction of latex are 
probably as good as, and even better than, many which have been evolved. The 
laticiferous system in several of om* important species occurs in the cortex of the 
stem, branches, roots, and in the leaves, flowers, and fruits. In some species the 
laticifers appear to be best developed in the root, and the extraction of latex is 
only considered in relation to that part; in other species there appears to be a 
better development in the stem, and in a few others the flowers or young twigs 
show conspicuous developments. Generally, these structures and the latex appear 
in the embryo and remain until the death of the plant ; in some cases, however, the 
laticifers are not obvious except in plants of some years’ growth. Sometimes they 
are absolutely restricted to stem and roots, the leaves and flowers never being in 
possession of such structures ; in a few cases they appear in the young tissues, and 
then gradually die and disappear. There are three types of laticiferous systems, the 
components of which are scattered freely throughout the cortex in the stem ; they 
may, according to their age and the condition of the plant, be partially or wholly 
filled with latex. When the cortex is incised the latex escapes, the quantity thus 
issuing depending largely upon the structural relations of the laticifers and the 
moisture conditions. A given incision allows the latex to issue only from a local 
area, dependent in extent upon the nature of the laticiferous system being tapped ; 
generally several, and sometimes a very large number of, incisions may be made on 
§ie basal part of the stem.” 

Perkin observes that the latex from the thin stems of Urceola elastica, such 
as bear the leaves or have recently shed them, forms a sticky substance when 
moulded between the fingers and thumb. The plant resembles Gastilloa in this 
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respect. The latex both from the pith and from the cortex of the young stem is 
sticky, hence it looks as if the true caoutchouc is only formed in the secondary bast. 

Inflmme of (a) climate^ (b) altitude^ and (c) soil. — The climate, the altitude, 
as well as the soil, or rather these three factors taken together, are not without 
a certain importance, from the point of view of the quantity and quality of the 
latex. For altitude in Ceylon where Hevea may be grown, see Table XV, 

Climate and altitvde. — Although generally the culture of indiarubber can only 
be remunerative in the tropical zone, where a temperature reigns which never falls 
below 20° C. (say 68° F.), and never goes beyond 42° C. (say 107*6° F.), with an 
average rainfall of 2*06 metres (say 80 inches), even in the zone confined between 
the 30° of N. lat. and the 30° of S. lat., there exists so many variations in 
regard to heat, moisture, as well as altitude, that a certain species of plant may 
prosper in Brazil, without its being capable of being acclimatised in India. These 
assertions are amply confirmed in the chapters more especially devoted to 
acclimatisation and rational culture. 

Methods of obtaining the Latex. — ^The latex is obtained by making incisions on 
the indiarubber tree : this operation seems a very simple one, yet it requires certain 
precautions, in view of the immediate industrial yield, but more especially in regard 
to the preservation and reproduction of the indiarubber trees. An untimely 
operation may destroy the end in view : the collection of the utmost quantity and 
the best quality, but, at the same time, the preservation of the harvests of the 
future. 

Three methods are adopted for obtaining the latex : — 1. The felling of the 
trees. 2. Bleeding by puncture or incision — “ tapping.” 3. Drying the root with 
subsequent maceration in water. 

1. Felling ; an operation to be condemned, — ^Felling the tree is an expeditious 
method, but is in general irrational and barbarous ; it meets immediate wants, but 
does so only once. Nature, after many long years — a prolonged period of gestation 
— has placed at the disposal of man a working and producing tool, and with a single 
blow of the axe all this weary preparation is annihilated, and it once more requires 
another long lapse of time to repair what the improvidence, the thoughtlessness, 
the indolence, coupled with the greed of the collector, has destroyed. Felling 
is still carried on in Africa, in Asia, and more especially in the Indian Archipelago, 
where until recently it was the only method adopted in obtaining Borneo india- 
rubber; it is therefore, undeniably, to be condemned, except in perhaps two 
exceptional cases. 

Exceptional cases in which felling may be justified. — (a) Where tree, once bled, 
dies. — In the case where, as is stated by the gummeros of Peru, the indiarubber 
tree on which they operate {Hancornia speciosa), once incised, even slightly, is 
inevitably killed by that single incision. Insects attack the bark and the tree, on 
the spot incised, and the tree soon dies. But if the tree be cut down close to 
the ground, sprouts, the growth of which is very rapid, spring up from the stump, 
new trees rise up in a cluster, and, after a few years, for one tree felled a whole 
group is reproduced. As the trees are very abundant, and as the activity of the 
collector is sufficiently exercised by operating on trees of full vigour, and also 
owing to a quasi-tacit agreement, only trees of more than a metre (3*28 feet) in 
diameter at the base are operated on, it would appear evident that this method of 
obtaining the latex has something rational in it. But beyond the fact that 
clusters of trees from the same stump have but little allurement, it is difficult to 
understand how the incised tree perishes in Peru, and continues to thrive in Ceara, 
in Ceylon, and on the Congo. Can future explorers and naturalists enlighten us 
on that point ^ Till then, the excellence of the native process is not demonstrated, 
and a better one can no doubt be elaborated. 

(b) For thinning or clearing purposes. — There is a second case where felling 
may be justified: this is, when it is desired more especially to realise virgin 
forests — for example, those of Central Africa. An inextricable thicket, where the 
operator could not otherwise penetrate nor move about, can then be advantageously 
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cleared ; moreover, felling admits air and ligEt, so necessary for active growth, and 
if the operation be performed with intelligence and in a methodical manner there 
is nothing irrational in it. The essential thing is to make the native understand 
the point at which his work of destruction should stop. It is a delicate matter, 
difficult to settle. 

2. Bleeding hy incision or puncture — tapping — This is an infinitely more 
rational method; if performed methodically and carefully, so as not to injure 
the tree nor the quality of the rubber to be extracted from it. Brazil, and 
more especially the basin of the Amazon and its tributaries, is the country which 
has produced the indiarubber which is held in highest repute, so far as purity and 
quality are concerned. It is also in that country that tapping would appear to 
have been first practised in the most methodical way. It is therefore preferable to 
describe the process practised in that country, show its advantages, and quote it 
as an example each time that it may be compatible with the country and the plants 
operated upon. 

The arrocho system of tapping, — The most primitive process of tapping known 
in Brazil under the name of arrocho^ consisted in binding the Hevea with an 
obliquely adjusted rope, the tied knot being in the upper part. Above this ligature, 
tightened at the bottom, numerous incisions were made. The sap fiowed, descended 
vertically, then meeting the rope, followed the small gutter which the rope formed 
with the tree, and at last arrived at the lower point, below which was a receptacle. 
This f)rocess damaged the trees to a very great extent, the seringueiros did not 
always take the trouble to remove the ropes, and the Heveas, strangled at their 
base, soon perished. Moreover, the latex, making a long journey down the tree, 
brought, in its train, mosses, wooden debris, and other impurities, afterwards 
found in the rubber. The incision was made with a butcher’s knife, a pruning hook, 
or a cutlass, and penetrated more or less deeply into the trunk ; and, where the 
tree was not mortally wounded, it was either insufficiently tapped, and did not 
yield sufficient latex, or too deeply, and thus facilitated the addition to the latescent 
juice of other juices more or less prejudicial to the purity of the rubber, and, above 
all, to its after-preservation. This process has, been almost completely abandoned. 

The present method of bleeding or tapping rubber trees in Brazil. — Tapping as 
now practised in the lower valley of the Amazon, is better understood and more 
rational ; all writers on rubber have more or less completely described it. Carrey 
and Chapel give the most intelligible and the most methodical description. The 
seringueiro starts work at daybreak, i.e. about five o’clock in the morning. If the 
estrada (100 to 150 Heveas) which he is going to operate upon be rather far away 
from his hut, he has taken care to bring thither the previous night the tools required 
for his work. The first of these is the Tnachado, a small hatchet with a short handle, 
the blade of which is only 3 centimetres (say 1^ inch) wide, with a sharp cutting 
edge of about 5 milimetres (say ~ of an inch), the bucket, and the tigelinhas, small 
white iron goblets. The seringueiro, or cauchero, is generally accompanied by his 
family or by one or more assistants; it is but rarely that he operates single- 
handed — a condition contrary to profitable working. After having previously well 
cleaned the outside surface of the tree to be incised, and removed the rubbish from 
around the foot of the tree, he commences to tap the tree. With a single ■ 
straight cut of the hatchet he incises the bark so far that the latex fiows, but with- 
out the wound mutilating the tree. He strikes the same trunk in a dozen places, 
taking care that his tool does not penetrate more than a few centimetres, according 
to the tree upon which he is operating. The shape of the machado, due to the 
sound practical sense of the North Americans, is, moreover, well chosen to attain 
the object in view, and it is with justice that E. Carrey remarks that “ this small 
hatchet has saved more Heveas from destruction than all the protective laws of the 
Brazilian Assemblies. Since the time that the collectors of the Amazon adopted this 
tool, which only makes uniform, narrow, and easily executed incisions, the greater 
number of them have given up the use of those tools with which, in every sense of 
the word, they used to martyr the trunks of the Heveas. 



METHODS OF OBTAINING THE LATEX, ETC, 


35 


Some collectors make their incisions in the form of a v, others make cuts along 
curved lines, at a distance of about 20 centimetres or 8 inches the one from the 
other. Finally, a great number are content to make vertical incisions, striking as 
high up the tree as the arm can reach, and repeating the blows down to the ground. 

We insist greatly on a regular vertical incision; the seringueiro should never 
deviate from it. Experience has demonstrated that a tree incised in an irregular 
manner continues to yield its annual quota for the first and the second years following, 
but by the third year the milk begins to decrease, and soon dries up completely. 

Eepeated careful incisions, however, do not affect the tree. Numerous Heveas 
may be seen riddled with scars to such an extent that not a spot remains as large 
as the hand which has not been 

tapped, and in spite of these repeated - - y. 

assaults the tree retains its flourishing 

appearance. A tree 4 to 8 feet in 

circumference at its base can very well 

stand ten to twenty incisions every two 

or three days at the most. A daily 

incision would give an unremunerative j-je. i4._Hatoliet {michMe, vmhado) used in 
yi®ld. tapping wild indiarubber trees in Brazil. 

The estrada of 150 trees is gener- 
ally divided by the seringueiros into three divisions, each of which is operated on 
every three days. If the estrada be smaller, 100 trees, the operation is repeated 
every two days. The whole season comprises in all twenty tappings per tree per 
annum ; by going beyond that, the tree would be too much enfeebled and next 
year’s yield compromised. One man, with his equipment, generally works the 
whole estrada ; but this number is not fixed ; all depends on the activity of the 
collector and on the proximity of the trees to each other. An essential, condition 
is not to have to walk a long way frqm a tree which has been operated upon to one 
about to be similarly treated. 

Period or season of collection, — The collection of the latex may be made at any 
season of the year, but it generally takes place in the period 
between the end of August and the first of January. Beyond 
this season the yield is not remunerative. 

Hour at which trees are tapped. — Generally operations 
commence at daybreak ; the. trees, refreshed by the nocturnal 
breezes, bleed more profusely than at any other hour of the 
day. In some localities, however, the seringweiro prefers to 
make his incisions at dusk and to collect the first thing in the 
morning. 

Height of the incision. — Tapping is practised to the extent 
of the sweep of a man’s arm, about 0*3 to 1*8 metre (say 1 
to 6 feet) above the ground. When the incisions have been 
made, the operator fixes tigelinhas below, and ma-kes them 
adhere to the trunk by means of a little plastic clay,; provided 
beforehand. 

Yield and duration of the flow. — Each regular incision with the hatchet distils 
its latex, drop by drop, from one to three hours, so as to yield 3 centilitres (rather 
more than 1 oz.) of milk. This quantity is not absolute, and .may vary, according 
as the tree is in full vigour or in its decline. The yield differs, moreover, according 
to the year. The prolonged duration of the rains or excessive drought influences 
the flow of the latescent juice, in the same way as’ the situation of the incision, 
whether it be - in the sun or in the shade, may determine a more or less abundant 
flow. This, to a certain extent, explains the preference of certain Indians for the 
nocturnal incisions of which we have just spoken. But those stormy rains which 
occur almost daily, and which have such j a^prejudicial effect on the quality of the 
latex collected, do not occur during the night, and' this, again, is a further reason 
for the preference of the collector for the hour which he selects. 



Fig. 15. — Tigelinha, 
cup used for collect- 
ing latex in Brazil. 
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Influence of the phase of the moon on the secretion. — The native asserts that the 
flow is more abundant at full moon than at any other time. We do not know to 
what extent this assertion may be founded on fact; old folk often furnish very 
curious facts, based almost always on meteorological and telluric observations; 
science has often explained and almost always accepted them. 

Yield of an estrada. — An estrada of 150 trees may on an average yield by 
tappings 52 litres (say 11-| gallons) i)er incision, say 36 kilogrammes (80 lb. of 



Fig. 16 . — Seringimro using an improvised ladder to tap the para indiarubber 
3 {Hevea hrasiliensis). 


raw indiarubber), which, at the average price of 5 francs the kilogramme (say 
Is. lOd. per lb.), gives a rettirn of 180 francs (£7, 4s.). It being given that 
twenty incisions are made annually, the season will produce a gross revenue of 
3600 francs (£144). 

The tapping methods of the Upper Amazon . — The methods of tapping in the 
Upper Amazon are almost identical with the preceding, except that the tools are 
more rudimentary, and the care taken in the management of the trees is not so w^ell 
observed. The collector! does not encumber himself with much baggage as he 
penetrates deeper g^nd deeper into solitude. A calabash serves as a bucket, a 
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shell as a tigelinha^ and the American hatchet gives place to the old wide-bent 
iron axe so deadly to indiarubber trees. ^ .. 

Other^ South Armrican methods.- — ^Almost without exception, the method of 
tapping is the same throughout the whole of South America ; the arrangement, 
extent, and depth of the incisions are not always identical, the manner of collecting 
the secreted juice differs, but the principle is always the same. 

Central American methods. — In Central America, where the principal india- 
rubber-yielding tree is of quite a different nature {Castilloa elastica), incision 
properly so called is often replaced by puncture, a smaller wound made by a 
hatchet of still more infinitesimal dimensions than that of the machado. In 
Mexico, says Wright, the natives seem to believe in the tapping of the higher 
parts of the Castilloa tree. In some parts of Mexico even Europeans appear 
to have recourse to large unwieldy kinds with which a heavy blow may be 
inflicted. 

African processes. — In Africa, the methods of incision almost always differ 
from one locality to another, but until lately they have always been carried on 
in a very imjperfect and irrational manner. But now Colonial Governments are 
educating the natives in rubber arboriculture. The product, which from its very 
nature is often, to a certain extent, inferior to South American rubber, and 
especially to that of Amazonia, loses still further in value by admixture with 
a foreign resin produced by too deep an incision. This resin very often brings 
about the decomposition of the caoutchouc. 

Asiatic methods.~--lji Asia, and principally in those localities where the india- 
rubber is extracted from the different varieties of Ficus, the incisions are made on 
the lower part of the trunk and on the roots rising out of the ground ; its form is 
elliptical, and it penetrates as far as the liber; it is 150 to 450 centimetres 
long and 73 centimeters deep.^ The yield in latex varies with the season. The 
milky juice is not very abundant from February to March, but as its richness 
in rubber is considerable, therefore working is then most profitable. It is 
almost the same in August, a time at which the latex ' gives a yield of 30 per 
cent., but which diminishes as far as 10 per cent, during the other months. 

3. Oceanic methods. — In Oceania, Asiatic methods are partially followed, when 
similar indiarubber trees are tapped ; or the primitive process of felling, when the 
want of authority, coupled with short-sightedness or indolence of the local powers, 
leaves the natives to their own initiative. Their inconsiderate ravages are princi- 
pally inflicted on the Urceola elastica, a plant which often attains a diameter equal 
to that of the human body. The shrub is broken up into pieces of 0T25 metre 
(say 5 inches) to 0*8 metre (say 31 inches), which are placed above large receptacles, 
intended to collect the juice which drops from them. If the exudation show signs 
of slackenings, or does not go on as the collector thinks it should, the flow is 
stimulated by the heat of a few kindled twigs. 

Urceola esculenta. — As far as it is concerned, the methodical tapping as it 
ought to be performed consists in making, in the body of the plant, a V-shaped 
incision of 1 to 2 centimetres (from f to 4 of an inch in height by 3 to 4 
centimetres, say IJ to IJ inches, in depth). These cuts ought to go right 
through the bark, but stop short at contact with the wood. 

The microscopical structure* of Urceola elastica. — The microscopical examination 
of the fragments of bark found in the mass amply show the necessity of this 
method ; in fact we meet, below the suber, su., which forms the external limits — 
(1) A thick, sclerenchymatous layer, c.s., consisting of a dozen rows of cells in 
radial lines ; (2) an abundant parenchyma, p.c., showing here and there masses 
of sclerenchymatous cells, c.s; (3) finally, an entirely soft liber, li., very volumnious, 
which in itself alone constitutes one-half of the thickness of the bark, very rich in 
laticiferous tissue, especially in the young parts. The incisions ought therefore 
to penetrate as far as the cambium, so as to affect all the laticiferous vessels, 
and thus ensure the largest yield. 

^ Millimetres are evidently meant, say 6 to 18 inches long by 3 inches in depth. — T r. 
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Svmmary , — Sucli are, sketclied rapidly, the different processes in use for 
obtaining the latex. The influence which they exert on the preservation of the 
rubber-producing plants need not be dwelt Upon further. The great importance 
of working rationally to secure this end is obvious. The same remark applies to 
the quantity of latex to be obtained, and to the yield of the latter in rubber. But 
the method of tapping nevertheless exerts a very important influence on the quality 
of the rubber extracted from the latex, and more especially bn its keeping 
properties in the crude state. Too large, too deep, an incision may reach the liber, 
expose it too much, and impoverish the plant, if it does not cause it to die ; 
it may, moreover, allow certain juices, from the interior of the plant, to mingle 
with the latex at the exit of the wound, and so alter its natural purity, and even 
affect eventually its proximate chemical constitution, converting it into a body 
of different chemical composition. But this influence is most deleterious when 
the latex has been obtained by felling. The milk is then forcibly mixed with 


1 



Fig. 17. — Urceola elastica, — 1. Longitudinal and transverse sections — snber ; jtj.c., 
cortical parenchyma ; o.s., sclerose cells ; la.^ laticiferous cells ; r.w., medullary 
rays ; p.7., ligneous parenchyma ; v.L, large ligneous vessels filled with latex. 

2. Details of laticiferous vessels in the traverse and longitudinal section in the 
bark; la., laticiferous vessels ; IL, liber. 3. Details of the sclerose cells ;c. 5., 
sclerose cells. 

the other secretions which the plant may yield, whether saccharine, amylaceous, 
proteic, tannic, or resinous; and according to what these juices may be they 
will have a more or less injurious influence on the industrial rubber, and the 
qualities which commerce exacts from it. It will readily be seen that the French 
and American methods of obtaining oleoresin from the pine with their deep 
incisions to reach the new wood in which the resiniferous vessels occur are not 
adapted for indiarubber. 

Methods of preparing commercial vndiarvhher from the juice. — Preliminary 
considerations. — This part of the authors’ work is important, but at the same time 
the most delicate, and it is not without some hesitation that they enter upon it. All 
authorities acknowledge that rubber-extraction processes are in general defective, 
and considerably injure the marketable quality of the product, all of which has 
the effect of restricting the use of the latter. But technical literature is too often 
content to point out the evil without going deeply into the causes in a methodical 
manner, and without indicating any possible remedy. 

Bohet^s method for improving the coagulation processes. — “It would be advan- 
tageous to improve the processes of coagulation adopted in French colonies, and 
to do so it would be necessary to study the nature and properties of the latex, 
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and then to make some experiments on coagulation, so as to decide upon the best 
method to follow. On the supposition that these experiments could not be made 
on the spot, the local colonial officials could easily get them done in the mother 
country (neither willing hands nor talents would be found wanting), but it 
would be desirable to provide samples, and the following data : — 

“ (1) Necessary data for improvement of present processes. — Sample of rubber 
as now made . — Send {a) sample of rubber as now collected ; (b) indicate, if possible, 
the process adopted by the natives for extracting and coagulating the milky 
juice. (2) Sample of specially prepared juice . — Send a certain quantity of latex 
as it flows from the tree, when incised. So that this milk does not alter during 
the voyage, add a small quantity of ammonia to it, and enclose the mixture 
in a bottle or other hermetically sealed vessel (3) Botanical samples and other 
data. —Furnish leaves, flowers, fruit, and seeds of the tree from which the milk 
has been extracted; indicate, if possible, the name of the tree and species to 
which it belongs; and state season during which the samples were collected. 
Deductions to he drawn from above data . — By means of such data it would be 
possible to decide upon the process desirable to adopt in collecting and 
coagulating the latex under the most favourable conditions. This acquired 
knowledge afterwards diffused by the government of the colony, would render 
the greatest of service to the natives, and to the colony itself, for it would impart 
to certain kinds a far higher value than what they now possess. Owing to the 
enormous number of rubber trees growing in equatorial Africa, the rubber trade 
of those countries, and particularly in French colonies, is destined to assume the 
greatest developments, but provided always that the indiarubber exported be of 
the best quality only. In that case alone will the . demand increase ; and the 
settlements established on the coasts, finding an assured outlet, would be disposed 
to give a higher price for the rubber brought by the natives, and thus stimulaU 
their zeaV^ Bobet’s proposals, if carried out, would be a great step in advance in 
the improvement of the raw rubber. But this would not be enough, if, in face of 
these instructions, a methodical and critical comparison were not made of the 
processes now in use for the coagulation of the latex and the preparation of the 
marketable rubber.^ ^ ^ . 

Collins' and HoehneVs researches . — James Collins in Great Britain, Dr. F. de 
Hoehnel in Germany, and Dittmar in Austria, have partially taken the matter in 
hand. Taking advantage of their labours and experience, an endeavour will be 
made to investigate the subject as completely as possible. 

Outlines of method of studying coagulation . — After outlining the methodical 
classification of the i^rocesses of coagulation generally used, each of these in its 
details, so as to draw rational conclusions from it ; as well as the results which may 
be expected from them in regard to the quahty of the marketable product, 
incidentally copious extracts will be made from a remarkable work by M. J. 


Morellet. 

.Influence of different methods of coagulation on rubbers from the same source. 
—Whether the latex be obtained by felling or by tapping, it does not yield the 
rubber in suspension until it has been coagulated, a^ process which may vary, from 
one country to another, and even in * different districts of the same province, and 
from one bank of a river to that on the other side. It is not, therefore, rare for 
samples of rubber from the same country and the same plants to be of quite 
different qualities according to the method of coagulation adopted. 

Classification of coagulation processes . — But these diverse processes may be 
classified into four groups, which may be further subdivided into sub-groups mth 
some affinity to each other. The following is a table of methods of coaplation 
now in use, with their subdivisions, and the country in which each process is or has 
been formerly applied. 

1 The different Colonial Governments have now experts on the spot in all countnes wnth 
rubber plantations, whose duties, inter alia, are to instruct natives how to collect and coagu- 
late rubber. 
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Table IY. — Classification of the biffeeent Methods of Coagulation 

OF THE InDIAEUBBEE LaTEX. 


Process. 


1. By heat. a. Artificial heat. I. Dry heat or smoking. 

II. Moist heat. 

j8. Nfatural heat. I. Absorption of the serum by the 
soil. 

II. Absorption of the serum by the 
human body. 

III. Evaporation on flat surfaces. 

2. By creaming. 7. Creaming after doubling its volume with water. 

0. Creaming after standing, addition of four to five 
times its volume of water, drawing off the liquor, 
washing, and pressing. 

3. By selection, e. Chemical selection by mineral reagents. 


L. 


)> 


vegetable ,, 


4. By natural and aitificial heat and chemical reaction combined. 

5 . By churning or by centrifugal motion. 


Locality. 


Amazonia, New 
Caledonia. 
Mexico, Central 
America. 
Angola. 

Congo, Angola. 

Ceara, Angola. 
Bahia. 

Bahia, Congo. 


Matto Grosso, 
Pernambuco, 
Maranaho. 

Peru, Guatemala, 
Nicaragua, 
Gambia, Ma- 
dagascar, Casa- 
manza. 

Gambia, Senegal, 
Mozambique. 


To this table of methods there is added in No. 5 a churning process proposed 
by M. Rousseau, a process which is dealt with below. 

Process in which the latex is coagulated hy dry artificial heat or smoking — 
Where and on what rubbers practised, — This process is adopted in Amazonia to 
obtain Para rubber, the most famous species of caoutchouc, as regards purity, 
nervousness, and elasticity. It is also adopted in many other localities, from Brazil 
to Venezuela, in the Guianas, and is especially used in extraction of rubber from 
the latex of the Heveas and the Micar^ras. Until the new order of things, this 
process is the best of all those hitherto employed. It will be necessary to study 
it with care in its most minor details, because, although certain peculiarities may 
appear useless at first sight, they may really be important. 

Collection of the latex — Preliminary treatment — The tapping finished, the 
collector, or one of his assistants, provided with a bucket or a large cuya calabash, 

surrounded with an open meshed net and furnished 
with a plaited cord, which serves as a handle, 
detaches the tigelinhas or goblets, empties them into 
his collecting dish, and replaces them. He then 
leaves the tree, the latex of which he has just col- 
lected, but not without having minutely inspected 
the incisions, the lips of which are often obstructed 
by a pellicle of latex coagulated by natural heat — a 
pellicle which stops the further flow of the milky 
juice. If need be, he pulls off this pellicle, which 
he places on one side, on the rim of his dish, 
refreshes the wound, and then passes on to a second 
and a third tree to repeat the same process until the bucket is sufficiently full. 
If the hut of the seringueiro be close to the estrada, the latex collected is simply 
poured as it is into the collecting bucket without any precaution. But if the dis- 
tance to be traversed between the est/ixida and the hut be rather far, the cauchero 



Fig. 18. — Calabash in which 
latex is collected. 
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takes the precaution of adding about 3 per cent, of liquid ammonia to the latex. 
He thus prevents any coagulation which might occur, especially if the journey was 
made in the heat of the noonday sun. When enough has been collected, the pre- 
paration — properly so called — is proceeded with, namely, smoking. 

Smoking the latex, — The workman, having previously cleared away the herbs,' 
brushwood, and leaves, arranges l[A^fumeiTo over a hearth 
dug out of the ground. The fwmeiro is a baked earthen 
furnace surmounted by a short conical pipe called a 
bouillon, of a rather narrow diameter, so as not to allow 
the fumes to spread too far afield. He fills the hearth 
with previously collected branches and applies a light. ^ 

Fuel, — As soon as the smoke disengaged is suffi- 
ciently dense and thick, a point which the Indian ascer- 
tains by passing his hand into it, the seringueiro throws 
into the fire some previously provided palm nuts col- 
lected in the vicinity. Then some more wood and nuts 
alternately. The latter are dropped into the mouth of 
the jar until within 4 inches of the top. These nuts are 
the fruits of the Tlrucury or Uaussu palm tree {Attalea Fig. 18 a. — Fuo^ieiroovhivnaice 
excelsa and Manicaria saxifera\ which are also known f°^ smoking rubber, 
in some localities under the name of Carosses de Rocouri, 

In default of these the fruit of the Maximiliana regia is used. Care is taken 
to use a proportional quantity of wood with the nuts. It is only in the Lower 
Amazon — that is, in the country where the preparation of natural rubber is the 
most skilfully conducted — that these nuts are used. Everywhere else the twigs of 
shrubs which are within reach of the hand .are used in smoking. 

As soon as the smoke is given off abundantly from the bouillon, the cauchero 
seizes the mould or palette, a wooden instrument having the 
appearance of a washer-woman’s beetle, ^ but the handle of 
which varies in length from about 3 to 6 feet. He exposes 
the wide flattened end of this mould to the smoke for a 
minute, or moistens it with water charged with soft clay, to 
prevent the rubber from adhering to it, and then dips it into 
‘i; the bucket filled with latex, which lies close at hand, as near 
to ^h&fumieiro as possible. 

After holding the mould on edge for a sufficient length 
of time to allow it to drain sufficiently, the cauchero quickly 
places the mould, to which a slight coating of latex adheres, 
in the smoke, the fiat side downwards, about 2 inches above 
the mouth of the jar, and makes a motion with it as if he 
Fig. 18 b.— -M ould used were describing the form of a cipher, so that the current of 
in “smoking’’ the smoke may be uniformly distributed over it. The other side 
of the mould is then treated in the same way. The two 
faces of the mould are thus equally smoked. Under the action 
of the heat and smoke, the latex is coagulated almost instantaneously, and assumes 
a yellow tinge ; the mother liquor, which is exuded profusely, evaporates, leaving 
on the mould a first layer, which, though feeling firm to the touch, is soft and juicy 
like freshly coagulated milk. When the operator considers the coagulation sufficient 
and uniform, he again dips the mould in the bucket and repeats his continuous 

^ The authors’ account of this operation is rather vague. The fumciro is a bottomless jar 
18 inches in height, 7 inches diameter at base, and narrowing at the mouth to 2 inches. Larger 
jars are used where a master employs a number of men. The fumieiro is set on three small 
stones which raise it above the floor, thus creating a certain amount of draught, which causes 
the smoke to rise with some force and regularity — T r. 

^ The mould has been more aptly compared to the paddle of a canoe, and, as a matter of 
fact, this is the implement most frequently used on the Amazon for a large quantity of milk, 
yielding bulky masses of rubber. In such oases the mould is occasionally slung to the roof to 
lessen the fatigue of working (see Fig. 19). — ^Tn. 
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to-and-fro movements from the bucket to the funieiro and from the fwiieiro to 
the bucket, until the desired thickness has been attained, which is the case in the 
Lower Amazon, when the cake formed is the size of a military loaf • and weighs 
about 5 kilogrammes (say 11 lbs.). He now frees his tool by splitting the block in 
the direction of its axis, in the upper part, with the point of a previously moistened 
knife, and recommences the maHng of a fresh block until the store of latex col- 
lected is exhausted. A workman can so prepare 2^ to 3 kilos, (say 5f to 6f lb.) 
of rubber in an hour. The blocks so split, known in commerce as biscuits, are 



19. — Smoking Para rubber. 

still moist. To dry them, the workman places them at sunset on the branches of 
the trees close at hand, and repeats this operation until they are perfectly dry, 
which takes several days. So prepared, the biscuits are marketed Para Jin, 
Formerly Para rubber came to the European market in the shape of animals and 
little figures. The biscuit form is now dominant. 

The characteristic properties of Para rubber clue to “ smoking ” process . — The 
most onerous part of this method of coagulation is the smoking, which is the essence 
of the process which gives to Para rubber that universal, well-deserved reputation 
which it enjoys on our markets and in our factories. The following is the composi- 
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tion of the fresh latex used in the preparation of Para indiarubber. This information 
is necessary for the perfect understanding of the economy of the above process for 
obtaining rubber from the latex extracted from Heveas and Micandras. 

Table V. — Analysis of the Latex used in preparing Para Indiarubber. 


Indiarubber . . 

Per cent. 

32-0 

Putrescible organic matter and mineral matter 

12-0 

Water 

55 to 56*0 • 

Ammonia 

traces. 

(small quantities up to 3 per cent, of which 
are added to the liquid) 

Resinous bodies 

traces. 


100*0 


Natural peculiarities of Fara latex and peculiarities induced by the smoking 
process, — Secondary reactions and their prevention. — This latex, it is freely acknow- 



Fio. 20.— Smoking Para rubber. The man in the right hand corner is making Tara 

Semamly, 


ledged, has special qualities which no other latex has got ; but then, consider the 
care exercised in collecting the latex, and at the precautions in the method of 
curing to avoid loss, as much by elimination of the mother liquid, as by the anti- 
septisation of the fermentable or putrescible substances. The rubber is thus placed 
beyond the reach of secondary reactions, and thus preserves intact ^11 those pro- 
perties on which its reputation depends. The secondary reaction most to be 
dreaded is that due to albumenoid fermentable or putrescible proteids under the 
action of a noxious enzyme. Now, at the ^ very outset, without any scientific 
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knowledge, and so to say instinctively, the Brazilian aborigines found the best 
process for paralysing this enzyme. 

Effect of regulated heat — SmoTce and creosote in smohe. — By methodical and 
frequently repeated application of a gentle heat, like that from the furieiro, the 
bulk of the water contained in the serum is eliminated, and the rubber coagulates 
almost instantly. The carbon^ produced by incomplete combuspion which con- 
stitutes the chief part of the smoke, is an energetic antiseptic, anct exerts a certain 
beneficial influence in the Brazilian process. But, besides carbon, ongMe^ a wood- 
distillation product always met with in this smoke, is the antiseptic ^tar excellence 
of nitrogenous matters, and it is to its action that the superiority of the smoking 
process used in Amazonia is chiefly due. Whether the use of palm nuts as fuel 
causes a more energetic production of antiseptic bodies than the ordinary wood 
used, by the Upper Amazonian collectors, is a moot question still to be elucidated. 
Their use is possibly due to the more abundant disengagement of smoke, and 
thus of antiseptic bodies. Sulphur, says Collins, plays a certain r61e in the prepara- 
tion of Para rubber. “ I believe too that the vapour of sulphur plays a part in 
the preparation of some of the Para caoutchouc.” The authors do not believe any- 
thing of the kind ; leave sulphur its acquired quality as a vulcaniser of caoutchouc ; 
it is great enough, and do not let us allow it to intervene inconsiderately where it 
has no footing. 

Summary, — Elimination of water. — Exclusion of air-bells and serum. — Uni- 
form distribution of finally divided antiseptics throughout the mass. — By the oft- 
repeated intervention of heat, always on minimum quantities, the greater part of 
the water is eliminated from the caoutchouc. Its presence would constitute one 
reason for disqualification. This same heat applied to each successive coat of 
rubber, and each coat is infinitesimally attenuated, prevents interposition of air- 
bells, or globules of serum, which might cause fermentation of the nitrogenised 
bodies present in large quantity in the latex. Powerful antiseptics used in a 
state of extreme dilution throughout the mass of the rubber completely suppress 
the deleterious action of fermentescible nitrogenous substances. 

Trial of the smohing process in New Caledonia and Loyalty Isles. — A tentative 
imitation of the smoking process of Amazonia was used with great success by MM. 
Grandjean and Weser, concessionnaires des Banians de VEtat in New Caledonia 
and the Loyalty Islands. Dr. Daville {On the Colonisation of the New Hebrides^ 
Paris, 1895), says : ‘‘ The extraction process is most simple, and requires but a slight 
equipment ; it is that of the tigelinhas of Brazil. The operation requires a conical 
elongated gutter in the form of a hollow prism with a lower edge terminated on 
one side by a cutting blade, and on the other by a hook. The blade is used to 
make the incision 8 to 10 centimetres (3 to 4 inches) in length through the whole 
thickness of the bark j the gutter remains fixed in the lower part of the incision, 
receives the juice which follows the channel, and thus arrives at the other end, to 
the hook of which is hung a small conical, white-iron goblet, capable of con- 
taining 10 to 15 centilitres {i.e. 100 to 150 c.c., or, say, to 5 fluid ounces). 
It is easy for the workman to fix the goblets at daybreak, and return three or four 
hours afterwards to empty them into a gourd, or, better still, into a white-iron can, 
and replace them on the tree,” The other operations are conducted on the Amazon 
principle. The product is very fine and constitutes a very valuable rubber. 

But in attempting to apply the smoking process to other latices than Hevea^ 
it is well to bear in mind that the latex of Hevea braziliensis is alkaline (the 
addition of a solution of ammonia preserves it indefinitely from spontaneous 
coagulation). The coagulation of the latex, by exposing it to the smoke of the urucuri 
nuts, is doubtless brought about partly by heat and partly by the action of the 
acetic acid contained in it. The latter and the creosote further tend to preserve the 
rubber. The smoking process would appear to be only applicable in the case of 
latex possessing alkaline properties. It is unsuitable in the case of the latex of the 
Castilloa elastica^ as this has ah acid reaction towards litmus paper, hence alkalies 
are used. 
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Different varieties of Fara, Fara grossa, Fara ^ Jin, Sernambg or Negroheads^ 
— This description of the process of preparing Fara fin ends with some details of 
the origin of the sort called entrejina, or Fara grossa, Fara \ jin, and finally 
of that called Fernamby or Brazil Negroheads. From the pellicles or skins of 
rubber taken from the tigelinhas, or from the lips of the incision on the tree, the 
collector prepares a second sort by agglutinating such debris together on the end 
of a handle, so as to shape them into a flattened ball, which he dips from time to 
time into fresh latex, which he thus also “ smokes ” after each immersion. When 
the block is of sufficient size, the cauchero dips it several times in the dish contain- 
ing the fresh latex, and holds the finishing coating in the smoke each time. He 
thus gives it the appearance of Fara fin, but the appearance is only superficial, and 
no longer deceives any one. The buyer has now become distrustful, and examines 
the fresh section. It is then seen at once that the substance is not homogeneous. 
If the properties of this substance approach Fara fin, that is not to say that they 
are identical. There is a large quantity of non-eliminated water, a notable pro- 
portion of non-antisepticised nitrogenous bodies, coming especially from the por- 
tions detached from the lips of the incision, which have been coagulated by natural 
heat alone. When this method of coagulation is examined, the inherent defects 
of Fara entrefina will be evident. The projecting seams of the moulds on the 
cakes of Fara fina and entrefina, the scraping of the moulds, the coagulated 
residuum of the latex in the tigelinhas, the calabashes, and the latex tubs — all 
the waste products, in fact — are made into blocks which are packed into “ returned 
empty” boxes or old casks; the whole mass agglutinates into a block which 
assumes the form of the receptacle in which it is placed. This altogether inferior 
kin d constitutes the Sernamby or Fara Negroheads. It is the least valued of 
Para rubbers, and justly so. It is often Wy moist, containing serum and even 
non-coagulated latex; it has received no antiseptic preparation, and contains, 
moreover, animal and vegetable debris. 

Coagulation by moist artificial heat or boiling process. — A Mexican method . — 
Description. — This process, adopted by the Mexican Indians in the coagulation of 
the latex of the Castilloas, is primitive ; whether they incise the tree or puncture it, 
they collect the latex in the hollow of a piece of bark or in a pot, transfer the pre- 
viously strained latex into a cauldron, and underneath the cauldron set fire to some 
twigs and branches. As with animal milk, there is formed a creamy layer which, 
on prolonged boiling, coagulates, and the serum soon separates completely from the 
rubber which it held in suspension. The indiarubber thus obtained is spread on plates, 
dried and pressed, to eliminate, as far as practicable, the water which it contains. 

Criticism — Inherent defects — Visible impurities . — There is no need for a 
lengthy examination of this process to discover its weak points. Boiling does not 
sterilise indefinitely the fermentable and putrescible principles of the milky juice. 
The compression of the sheets does not remove all the moisture, and the method 
of obtaining the latex is not so carefully gone about as to prevent the presence of 
all vegetable and mineral impurities, in spite of the straining before boiling. Facts 
confirm this theory. The section of the sheets obtained by the boiling processes 
exposes pockets full of a thick greenish liquid embedded in a blackish rubber, 
mixed with sand and the minute debris of wood. 

Another and better Mexican method — Sea salt as a coagulant . — Mexico now 
produces a new kind, of a bright amber-brown colour, from the same milky juice of 
the Castilloas, which when cut does not show either sand or organic debris. This 
remarkably nervous rubber, like Brazil rubber, only loses 12 to 15 per cent, in 
handling. Data as to its preparation are still awanting, but sea salt is possibly 
the coagulating and antisepticising reagent. Coagulation by boiling is also adopted 
in British India, in the preparation of the Assam rubber extracted from the milky 
juice of the Ficus. 

Coagulation of the latex by natural Jwat, the soil acting as an absorbent of the 
water and of the nitrogenous putrescible bodies contained in the serum — Chiefly 
a West African process . — Coagulation by natural heat is adopted more especially 
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in West Africa. That is not to say that it is not used elsewhere ; but such pro- 
cesses, defective in every way, are the chief cause of the inferior quality of the 
resultant rubber, and the depreciation which follows as a natural sequence would 
appear to be the special fate of the Africans, whose indolence is only equalled 
by their greed. This process is practised to a slight extent by certain tribes of 
the Congo and Angola, who work more particularly the Landolphias oi their forests. 

Description, — According to Jeannest, the negro of these coasts is content to 
tap the tree, caring little or nothing whether the wound injures the plant or not. 
So long as he gets what he wants— an abundant collection — other matters concern 
him but little. The juice flows naturally on to a soil from which the rubbish 
has been but imperfectly cleared. . In the track which it thus follows, under a 
scorching sky, the milky juice at the outset loses a portion of its water. On the 
ground, which it reaches in a semi-solid state, it evidently solidifies completely, 
giving up the remainder of its serum to the dry hot soil, which surrounds the 
vine which he has tapped. All that he has now to do is to lift his rubber and 
deliver it to the dealers. 

Criticism — Defects. — Is it necessary to examine such a method critically, and 
is it not comprehensible, without more ample details, that a substance obtained 
in such a summary manner possesses but few of the requisite qualities of market- 
able rubber*? As to the mineral impurities, present so fatally in the rubber 
prepared in so rudimentary a manner, the native, instead of avoiding these, too 
often adds them designedly. If the earth, acting as a filter, draws oif the serum 
and the putrescible bodies present on the surface of the mass, aggregated at the 
foot of the tree, the lower parts of the coagulum, imprisoned by the first crust, 
preserve all their serum with its fermentable elements, whether nitrogenous, 
saccharine, or resinous. These rubbers must perforce remain soft and tacky, and 
give off a nauseous smell, which must become accentuated aftei'wards. The waste 
in manufacture will always be considerable. 

Coagulation by natural heat ; evaporation on the human body — Also a West 
African process. — This process, confined to the natives of the West Coast of Africa, 
if picturesque, seems infinitely superior to the preceding. 

Description — Congo and Angola process. — According to R. Y. Merlon, the 
Congo negro, when he comes to a vine which he desires to tap, removes what 
serves to him as clothing, and, having tapped the tree, collects the milky juice 
in the palm of his hand, so as to cover the whole of his body with it. This 
done, he returns to his hut, garbed in this new clothing, removes bit by bit the 
portions of the juice which the commencement of cohesion has rendered consistent, 
and makes them into balls for the market. The same process is used by certain 
tribes in Angola (Welwitsch). After incising a branch, the negro places the palm 
of the hand against the tree, and lets the milky juice flow along his arm. When 
it is covered with a sufliciently thick coat, he draws the rubber off, as he would a 
glove, commencing by freeing the elbow, rolling the rubber on itself so as to make 
a pad with a hole in the centre, thus stripping in this manner first the forearm, then 
the wrist, and finally the hand. 

Criticism. — This method,, without being perfect, and without being capable 
of producing a rubber exempt from putrescible matter, has yet the advantage of 
not mixing it with the extraneous vegetable or mineral matters so abundant in the 
rubbers previously mentioned. It also eliminates the greater part of the moisture 
by coagulation in thin and often repeated layers, spread over a large surface. 
This elimination is stimulated by the natural heat which is continuously dis- 
engaged from the human body. 

Coagulation by natural heat ; evaporation on flat surfaces other than the soil — 
The Brazilian method of preparing Ceara. — This is the special method used in 
Brazil in the preparatien of Ceara rubber {Ceara Scraps), obtained from the latex 
of the Manihot Glazowii. This process is, moreover, frequently used in West 
Africa and on the Indian continent. 

Description. — The following is the manner in which the collectors of the Brazilian 
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province of Ceara work. Tlie tree, very like the castor-oil plant, is wrought as early 
as three years, that is to say, when the diameter of the trunk has reached about 
5 inches. The seringueivo clears the ground round about the foot of the tree, and 
on the spot so cleared he lays down some banana leaves, to receive the latex, 
which may flow as far as the ground. He then splits the bark, from the foot of 
the tree up to a height of 5 feet, in several places and in different directions. ' The 
Manihot latex, thicker than that of the Heveas and CastUloas, flows slowly, and 
only reaches the ground rarely, and then in minute quantity. The greater bulk 
solidifies on the bark of the plant and agglutinates there, as a long flow of tears, 
similar to those found on the trees in our gardens. The collector leaves them 
there for several days, to facilitate drying; he then detaches the tangles, either 
rolling them into a ball, or re-folding them on themselves. Without any further 
preparation, the product is put on the market as Ceara Scraps. 

Different Qualities of Ceara . — The first quality is a blonde rubber, collected in 
the beginning of the season ; the second quality, more brown, is collected later on, 
when the first rains commence to fall; the thirds earthy quality, collected at the 
foot of the tree, and consequently often contains considerable quantities of earth 
and sand added accidentally, or intentionally, so as sometimes to reduce the in- 
dustrial yield to below 50 per cent. 

Criticism — Defects. — A substance so prepared naturally contains a quantity of 
mineral and vegetable substances which materially reduce its value. 

Properties of Ceara Rubber. — Ceara rubber has a fine, almost translucent amber 
colour. It does not become opaque and white, except under the action of energetic 
stretching. This phenomenon, only met with by Morellet in this class of rubber, 
is due to numerous ruptures in the interior of the mass, creating empty spaces, 
which split up the luminous rays tending to traverse this body. 

Smell. — Ceara rubber gives off a rather strong smell, and soon becomes nauseous 
if exposed to the combined action of heat and moisture. 

Yield. — In the pure state it furnishes an industrial yield of 75 to 80 per cent., 
and is endowed with great resistance ; the demand would be much greater, if it 
were not for its defective preparation, and its gms^’-sophistication by mineral and 
vegetable matters, always present if in very variable quantities. 

The latex of the Manihot compared with that of the Hevea. — The Manihot 
latex is at least equal, if not superior, to that of the Eevea. The quantity of 
fermentable nitrogenous matter is lower, the amount of water is less, and yet the 
industrial yield of pure rubber is only 75 to 80 per cent. Moreover, the rubber is 
difiicult to preserve, and requires a dry cold place ; the putrescible proteic matter 
which it contains is evidently the cause. Its greater consistency renders Manihot 
latex more difiicult to handle than Eevea latex, but the obstacle does not appear 
insurmountable ; and here is what should be done : — 

Suggested improvement . — Instead of allowing the latex to fiow along the plant, 
it should be collected in tigelinhas, previously furnished with a little alkaline 
water. The fresh milky juice mixes well with water, and, better still, if slightly 
alkaline, it could thus preserve its liquid state for a certain time, so that it 
could be coagulated by smoking, so successful in Amazonia. The secondary causes 
which react so injuriously on Ceara rubber and depreciate its intrinsic value would 
thus be suppressed. This experiment has been successfully tried in Ceara. 
But the native collectors do not take to it ; it is too troublesome, and they prefer 
to stick to their old — more expeditious and less burdensome — ways. 

In Ceara, the Manihot of arid granitic heights yields a^ highly concrete, scanty 
latex ; but prospers equally well on the plain and on humid ground. The milk is 
more abundant, and lends itself easily to the above treatment. 

Another suggestion . — Experiments might be made on the coagulation of this latex 
by natural heat, aided by small quantities of common salt ; this process,^ described 
a little further on, yields quite satisfactory results. In this later experiment, the 
smaller the blocks the better the rubber; desiccation goes on better the more 
numerous the evaporation surfaces. 
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Geara Sernamhy. — In Ceara, tlie Manihot does not everywhere uniformly yield 
rubber latex. Whether the difference lies in the climatic or thermal conditions, or in 
a degeneracy on the part of the plant, certain regions in which the Manihot likewise 
grows would appear to be little capable of being exploited for rubber. The tree, 
when tapped, only exudes a few drops of latex, and the flow stops almost instantly. 
This barrenness is, however, only apparent. The incision made at the foot of the 
tree, quite near to the tubercules formed on the root, causes a very abundant 
gummy liquid to flow, which the native knows very well how to put under contri- 
bution for making Ceara Bernamhy, But the work is done ' carelessly, and 
the product so obtained, mixed with the sand and stones on which the latex has 
been spread, is almost unsaleable, although it has really the same properties as 
Ceara prima. It would, however, be easy to coat the excavation made in the soil 
before the incision with a layer of moistened clay. The sole so formed, after 
drying, would rapidly drink up the mother liquor, and a rubber would be thus 
obtained quite as pure and fine as that of the elevated plateaux.^ 

Coagulatioyi hy creaming after dovhling the vokmie of the latex with water^ 
followed hy more or less prolonged standing — Localities in which applied. — In 
Bahia to the latex of the Hancornias\ in several localities of Nicaragua and 
Central America to that of the Gastilloas^ as well as in Assam to that of the 
Fictts. 

Description. — In Bahia, the latex, left to itself, after its volume has been 
doubled with water, separates rapidly into two superimposed layers, the upper part 
of which assumes a buttery consistency ; it is dried, and, as soon as it has sufficient 
homogeneity, it is put on the market. In Assam, the rubber so prepared is gently 
heated in pans to accelerate drying and render the product less humid. In 
Central America, the cakes so obtained are first pressed with wooden rolls, which 
remove the excess of water and suppress some of the pores ; sun-drying completes 
the process in fifteen days, when the rubber is ready to be rolled and packed. 

Criticism — Defects. — This rudimentary method yields a very inferior quality, 
which often loses more than 50 per cent., especially when fresh. When cut, not 
only does water — more or less charged with foreign bodies — escape, but also a 
certain quantity of uncoagulated latex, and it is easy to prove that it is really latex — 
(1) by the microscope; and (2) by simply pressing it between the index finger and 
thumb, the heat of the fingers induces coagulation, and the rubber may be drawn 
out into elastic filaments by withdrawing the finger and thumb from one another. 
Hence the bad repute of a product whose effective rubber is in no way inferior, in 
regard to elasticity and resistance, to many other sorts. 

Coagulation hy standing for a greater or less length of time after diluting 
the latex vdth five times its bulk of water, and drawing off the water — A Congo 
process. — The process, used for Landolpia latex in the Congo, consists in making 
incisions, which penetrate just under the bark of the vine without reaching the 
heart of the plant, because the latter contains another milky substance, hut highly 
diluted with water and acid, which rapidly decomposes. The incisions are longitu- 
dinal or oblique, and made the one below the other. Underneath the lowest 
incision the native fixes by means of potter’s earth, or, better still, semi-coagulated 
juice, a rather Tside, curved leaf, which leads all the juice which flows from it in a 
thin thread into a calabash laid at the foot of the tree. The vessel into which the 
juice flows is pierced in its base by a hole, which is carefully corked. At the 
moment of extraction the juice is fluid, and very much resembles milk, thickened 
by prolonged boiling. To this juice the negroes add four to five times its volume 
of water. 

This dilution, and also the influence of the initial acidification, facilitated 
thereby, induces the hydrocarbide elements to solidify on the surface into a sort of 
thick cream ; twenty-four hours afterwards the cork which closed the inferior orifice 

^ The Manihot is being cultivated in Mozambique on the large scale, and the trees tapped 
and the latex prepared with all the care that science, backed by abundant capital, can 
command. 
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of the calabash is removed, the aqueous portion flows away, and with it the major 
portions of the putrescible elements ; the rubber remains at the bottom of the 
vessel in a semi-fluid state. To hasten coagulation, the negroes pour it into wooden 
vessels, and expose it to the air for some hours. 

The solidification is then more advanced without being complete. It is the 
moment which the negroes think opportune for kneading it into balls. Sometimes 
the rubber which is found in the bottom of the vessels is too consistent to lend 
itself easily to kneading. It is then cut into small cubes or thimbles (hence the 
commercial name of thimbles). 

Criticism — Defects. — This method, like the preceding, incorporates with the 
rubber a certain quantity of serum, and even of undecomposed latex, and conse- 
quently fermentable substances which soon impart a characteristic nauseous odour 
to these sorts. Nothing is done, with the exception of imperfect washing, to 
sterilise these substances and prevent ulterior decomposition. The rubber, so 
produced, has therefore all the inherent defects of the method. Its yield does not 
exceed 60 per cent. The product is very spongy, and contains in the numerous 
vesicles of the paste a whitish liquid, which eventually generates the repulsive smell 
already mentioned. Other samples of rubber, prepared more rationally from the 
latex of these same LandolpMas^ are exempt from these defects, and owe their 
qualities to the method of coagulation. 

Coagulation by chemical means — By mineral reagents — Applied in both 
Africa and America, — This process is as expeditious as it is easy. It is not 
wonderful, therefore, to find it practised both in Africa and in America. Pernam- 
buco, Maranhao, and certain rubbers of the Ivory Coast and Cameroons, are so 
prepared. 

Coagulation by alum — The Strauss method — Description, — This process, used 
in Pernambuco for coagulating Hancornia latex, bears the name of its inventor, 
Henry Anthony Strauss. It consists in pouring into the latex an aqueous solution 
of potash alum ; coagulation 'is effected almost immediately. The coagulum is then 
allowed to drain for eight days on wattles arranged for the pinpose. The masses 
so prepared are divided into small fragments, sun-dried for a month, and put on 
the market in that condition. 

Criticism — Defects. — Strauss’s process is ingenious (Morellet), but the results 
of its application are bad, and the authors in no way share the enthusiasm of 
J. Collins for this method of coagulation. “ This method, purchased by the Local 
Government of the province of Pernambuco, is very much approved,” he says, 
‘‘the more as it may be performed far from the place of collection, and that it is 
always done in the cold state.” The rubber so prepared goes wrong as it ages, 
changing into a substance the market value of which is very poor : a piece of 
Mangabeira of sufficient elasticity at the outset becomes transformed into a sort of 
badquality millboard, incapable of resisting strain,and without any elasticity; its mole- 
cular state is so far modified as to render it granular and friable. The rubber, of a 
rose colour both interiorly and exteriorly, is covered with a crystalline efflorescence of 
alum.^ When cut, the section shows a large number of pockets, filled with water, not 
only from the serum imprisoned in the mass by instantaneous coagulation, but also 
and more especially from the solution of alum used in the process. It would be easy 
to separate a portion of the alum water by the press ; but, even so, the collector has 
not always a press at his disposal; and if he had, elimination would be very 
incomplete, and the deleterious action of alum would always make itself felt. If 
manual labour be economised during collection, the product is deteriorated, and 
the cost of freight is in no way diminished ; it is almost doubled, since the rubber 
often yields as much as 60 per cent, of water. 

It is not likely that coagulation by alum will advance in the future. Manu- 
facturers agree as to the bad quality of the products, and tend more and more to 
reject them, as appears from the following : — 

^ The defects of this process are evidently due to the formation of resinates, etc., of alumina. 
The efflorescence points to too strong solutions, as well as imperfect washing. — T e. 
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“ Mangabeira rabber is obtained from the trees of that name [species of Han- 
corm'a], found in large numbers in the interior of Pernambuco, as well as of the other 
northern provinces. The reports which I hear have been received from Liverpool of 
the reception of this article are far from favourable; the price went up to 2s. 7d. 
per lb., but has fallen again, and it would appear that Is. per lb. is about the price 
obtainable in England in ordinary times. The method employed in the prepara- 
tion of the rubber is very primitive, and, I think, may easily account for the 
article not being well received. If the milk were treated in a more careful manner, 
there seems no reason why the rubber should not be favourably received. At 
present the plan adopted is simply to mix alum with the milk, which causes it to 
coagulate ; the lumps of rubber are then placed in the sun, after which they are 
sent to the market. From the defective mode of preparation a great loss of weight 
afterwards occurs, frequently as much as 40 to 50 per cent., some say even more. 

“From Bahia and Pernambuco, in Brazil, comes a rubber of a diiderent grade 
from that of Para. It is cured with alum and water. The Pernambuco comes in 
sheets, and is of yellowish white tint; that from Bahia is not so good, and comes 
in round balls. The principal objection to it is that it is very damp, entailing a 
large loss to the importer from shrinkage. 

“ Of Mangabeira rubber there are three grades, very similar to the Bahia and 
Pernambuco sorts. A grade that has a red look is considered superior, and sells 
for five or ten cents per pound higher than the others.” 

2. Coagulation hy sulphuric acid and common salt — Description. — (1) Sulphuric 
acid. — In .Maranho and Matto Grosso alum is replaced — as a coagulant— by dilute 
sulphuric acid. Sulphuric acid, like all acids, is an energetic coagulating agent. 
But, besides the well-known transport difficulties, it coagulates the juice too rapidly, 
and thus does not sufficiently eliminate the mother liquor. Moreover, the acids do 
not possess antiseptic properties.; and it must be condemned for reasons already 
mentioned. (2) Common salt. — A solution of common salt also possesses coagulat- 
ing properties ; its antiseptic power is well known, and it does not present the same 
transport difficulties as dilute sulphuric acid. The use of acidulated water has 
thus been generally replaced by common salt in the two provinces mentioned above. 
The use of common salt alone would be rather to be recommended if no better 
process were at the disposal of the collector, but it has the defect of leaving a large 
quantity of water in the rubber. Certain Ivory Coast, Cameroon, and Congo 

. rubbers are likewise coagulated by salt water. There is thus a great resemblance 
between such rubbers and the American rubbers just mentioned. 

3. Coagidations by an aqueous solution of soap — Description. — Between 
coagulation by mineral reagents and by vegetable reagents a special method of 
coagulation, sometimes adopted in Peru, for the Hancornia latex, intervenes, and in 
which a soap solution acts as coagulant. To coagulate the milk, it is either poured 
into a vessel or into holes in the clay soil, containing about 30 kilogrammes (say 66 
lbs.) of liquid. The night before,. 125 grammes (about 4^ oz.) of soap are dissolved 
in a bucket of water. Two buckets of this solution coagulate about 30 kilogrammes 
(say 66 lbs.) of rubber in the space of half an hour. As soon as coagulation 
commences, the milk is beaten with the flat of the hand to facilitate the operation. 
“ The indiarubber is afterwards taken away in the form of a block, which is 
punctured here and there with a knife to free it from water. The punctures are 
not made very deeply, so as not to diminish the weight of the rubber ” (E. Bard). 

Criticism. — The rubbers so made are naturally very porous, and this rudi- 
mentary method often brings in its train a considerable quantity of extraneous 
matter. As to the action of the soap solution by itself, it is difficult to understand. 
Possibly it acts in this case purely and simply by the mass of water which it 
contains, and that it is the water, as in the previously mentioned processes, which 
sets the rubber globules free from the too dense latex, and thus enables them to 
aggregate more easily on the smiace of the liquid. The method of collecting and 
.preparing rubber in Peru is to fell the tree and cut it into pieces, limbs and all, 
and let the milk run out from the wood into holes dug in the ground. It is then 
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coagulated in these pools by mixing it with ordinary soap. It produces a most vile- 
smelling compound which seUs at about the same price as JPara Sermxmiby, 

Chemical coagulation hy vegetable reobgents — Countries where practised^ 
natwre of reagents — Citric acid as a coagulant — This method of coagulat- 
ing the latex is practised in the case of some Madagascar rubbers, in Gambia, Peru, 
Guatemala, and Nicaragua. Sometimes it is a vegetable acid which intervenes, some- 
times it is the infusion of a vegetable product of indeterminate chemical composition, 
but which very likely owes its coagulating power to its more or less pronounced 
acidity. The African rubbers just mentioned would appear to come from the coagula- 
tion of the Landolphias by citric acid. “ In the course of our examinations we have 
often observed, in the rubber cakes from Madagascar, seeds with an anatropous ovule 
with a clearly marked chalaza, seeds certainly of the Aurantiacece. We did not at 
first understand how these seeds could be mixed with the indiarubber paste, but 
they were met with too frequently to be fortuitous, and we were forced to conclude 
that their presence was due to the methods of coagulation, that they used the juice of 
the fruits of the Aurantiacece, and that citric acid was the coagulating agent. This 
opinion was corroborated by the testimony of persons who had travelled in 
those countries ” (Morellet). 

Criticism — Defects , — M. Cousin states that he obtained with this method, during 
his stay at Casamanca, a superior quality of rubber of a fine amber shade, inclining 
to a bright horn colour, almost translucid, very sensitive, and of remarkable 
elasticity. Until proof to the contrary is forthcoming, this assertion may be 
doubted : if mineral acids produce too rapid a coagulation, thus facilitating the 
imprisonment in the mass of rubber of too large a quantity of mother liquor and 
fermentable bodies, vegetable acids have the same defect, and are the natural hot- 
beds of microbe culture hastening the putrefaction. It is impossible to believe in 
the excellence of a process where this new drawback has to be added to those 
already pointed out in coagulation by mineral acids.^ 

Citric Acid replaced hy sulphuric acid in Madagascar. — In Madagascar, where 
citric acid was at first extensively used for this purpose, it has now been completely 
replaced by the sulphuric acid introduced by the Europeans.. 

South American Fractice.-^ln Peru, Hancornia juice is sometimes coagulated 
by means of the juice of a climber called Sachaacamote by the caucheros of the 
country, likewise the latex of the Castilloas of Guatemala and Nicaragua, the 
coagulation of which is effected by an infusion of the tuberous root of a convolvulus, 
the ipomea bona nose, numerous varieties of which grow in Central America. The 
decomposition of the milk is effected by means of an undetermined organic acid, 
but the rubber resulting from the reaction is intimately mixed with a foreign 
resin, which not only reduces the industrial yield, but which, mixed up in the paste, 
is difficult to* eliminate, and an obstacle in manufacture. Plants producing the latex, 
so manipulated, yield under other and different conditions a very elastic, sensitive, 
and profitable product. This leads incidentally to the experiments of Dr. Morisse 
(member of the expedition of the Upper Orinoco, led in 1889 by Count Bertier) on 
different methods of treating the latex of the Heveas. 

Experiments on Hevea Latex. — ^‘Choosing preferentially reagents capable of 
rapidly coagulating without injuring the quality of the rubber. Dr. Morisse used 
different products which yielded the following results : — 

(1) “ One volume of 90 per cent, alcohol coagulates 6 volumes of latex, yielding 
a fine superb rubber of brilliant whiteness, and yellowing but slightly on ageing, 
but the dearness of alcohol and its feeble coagulating power puts it out of the 
reckoning.^ Liquid perchloride of iron coagulates in the proportion of 1 to 9 of 
latex. The rubber so obtained is a coarse powder with an ugly, earthy appearance, 

^ Coagulation by acids — ^mineral or vegetable — in modern rubber plantations where the 
rubber is forthwith put through a washing machine, is scarcely subject to the above criticism. 
Translator’s note to 2nd English edition. 

^ This coagulating power of alcohol contradicts lire’s results, but it is hard to say what was 
the identity of the actual latices he tested. Translator’s note to 2nd English edition. 
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tlie molecules of which liave little cohesion between themselves. (2) One volume of 
an alcoholic solution of co 7 Tosive sublimate coagulates 11 volumes of milk, and 
yields good rubber. (3) One volume of chloride of calcium coagulates 15 of milk, 
but this deliquescent salt is difficult to preserve in a region where the air is 
constantly charged with humidity. (4) Monohydrated hydrochloric acid has a 
coagulative power of 1 to 5. Commercial nitric acid is still more feeble. (5) JSf on- 
crystalline commercial carbolic acid has a coagulating power of 1 to 18. But the 
most wonderful of the coagulants hitherto tested is commercial sulphuric acid. An 
aqueous solution of coagulates 10 of milk, and this coagulating power extends as 
far as but more slowly and by stirring the mixture. (6) Tincture of iodine 
would not appear to coagulate except in virtue of the alcohol which it contains. 
The other reagents tested gave no appreciable result. Amongst these were the 
carbonates and bicarhonates of potash and soda^ chloi'ide of sodium^ the bromides of 
potassium, sodium, and ammonium j ammonia, ether, chloroform, carbon disulphide, 
glycerine, permanganate of potash, arsenious acid, etc. (7) Alum, used successfully 
with some indiarubber trees, gave negative results with the milk of the Hevea. 

“ Defects of sulphuric acid coagulation . — The first sheets prepared by sulphuric 
acid coagulation were at once attacked by insects and cryptogams, the rapid 
development of which, in the interior as well as on the surface, spoiled the appear- 
ance and quality of the rubber. 

“ Coagulation by a mixture of sulphuric acid and an antiseptic. — Dr. Morisse 
then mixed the sulphuric acid with an antiseptic, the action of which was most 
lasting, and carbolic acid possessing in itself a rather high coagulating power gave 
him full satisfaction. Traces of carbolic acid sufficient to ensure sterilisation do 
not disappear from the surface until after six months from the date of coagulation. 
But desiccation is then so far complete that injurious fermentation is no longer to 
be feared. The final definite formulae deduced from the results of numerous 
experiments are as follows : — 

■ Commercial carbolic acid ..... 4 Grammes.^ 

Alcohol in sufficient quantity to dissolve the carbolic acid. 

Water . , . . . . . . 80 ,, 

84 

Commercial sulphuric acid . . . . . 2 ,, 

Water . . . . . . . . 20 ,, 

22 ,, 

How to use Morisse s Coagulants . — “ Mix the two solutions before use. This 
quantity of mixture instantly coagulates a litre of milk by the aid of slight agita- 
tion. Even a mixed solution of for the first acid and for the second is 
sufficient in ordinary weather, but the hour at which the work is done must be 
taken into account, the temperature, the hygrometric state of the air, have an 
incontestable influence on coagulation. In fact, on certain days it is effected slowly 
and vrith difficulty with the second solution. It is therefore advisable only to put 
the strong solutions A and B into the hands of the operators. 

Cost of coagulants a negligible quantity . — ^In order therefore to coagulate 
and asepticise a ton, say 1000 litres, 2 litres of sulphuric acid and 4 litres of non- 
. crystalline carbolic acid would be required. The cost of chemical coagulants may 
therefore be completely neglected. ^ One hundred kilogrammes of Para rubber 
were obtained by this process, white, hard, resistant, compact, and pleasant to the 
eye. The practical proof of the success of the process has thus been demonstrated. 
It results from the preceding that the reagents, capable of coagulating the 

^ This gives a total of 106 grammes ; and as that amount precipitates 1000 grammes, 106 
oz. will also precipitate 1000 oz., that is as near as may be 17 oz. to 1 gallon. — Tn. 

^ The figures in the formula are given by weight ; but in this calculation by measure this 
will lead to error, as carbolic acid is rather heavier than water, sp. gravity 1*060 ; w'hilst 
concentrated sulphuric acid, sp. gravity 1*840, is nearly twice the weight of water. — T r. 
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latex of certain plants have no effect on the latex of the Hevea. Moreover, it does 
not appear to us that attempts to substitute a new method of coagulation for the 
smoking process should be encouraged. The collectors would probably readily 
take to any process of simplifying the long and tedious operation of smoking, but 
we need not study their convenience but rather the result obtained. Now we 
have determined that rubber prepared by the addition of certain solutions is of 
inferior quality, etc. etc.” 

The authors perfectly agree with M. Rousseau on the value of the process 
published by Morisse. Para rubber owes its excellent quality especially to its 
difficult method of preparation ; full of minute details, to depart from it would be 
to court inevitable mistakes, which would resolve themselves into considerable loss 
of money. Moreover, they have no faith in the antiseptic action of carbolic acid ; 
creosote alone, applied on each layer by aid of a gentle heat, is capable of pro- 
ducing complete sterilisation and of destroying the secondary influences to which 
we have already referred. 

4. Coagulation hy natural or artificial heat and chemical coagulation com- 
bined — -Practised in Mozambique . — The reader’s special attention is drawn to this 
method, and the reasons for so doing will be given after having described the 
process. The milk of the Landolphias and other vines in Gambia (Casamanca, 
Ivory Coast) and Mozambique is coagulated as follows : — 

Description. — The collector taps the vines very slightly ; he somewhat bruises 
the bark. The shallow incisions are 5 to 6 centimetres long (say about 2 to 2^ 
inches), their width varies with the size of the vine ; the incisions are very close 
together, about 4 inches apart. After the bark is cut the latex soon exudes, white 
and thick. The native, by aid of a shell, immediately besprinkles each incision 
with a little salt water, which dissociates the serum from the rubber. The latter 
is instantaneously coagulated into small lumps. These the collector draws off each 
incision to form a kind of nucleus, which he rolls between his hands. He draws 
the nucleus to him, and the latex, continuing to flow and solidify, is drawn out 
into filaments. There are thus as many filaments as there are incisions. The 
native, as he draws these filaments to him, winds them on to the initial small 
nucleus, moistening the incisions from time to time with salt water. The traction 
and subsequent compression between the fingers causes the central filaments to 
coalesce as they are covered. The threads are apparent only on the outside ] only 
a small part of these balls can be afterwards unwound. Almost white in the 
beginning, the envelope of rubber browns with time, and turns reddish. The 
weight of the balls varies between 300 and 800 grammes (roughly, between 
10-|- and 28 oz.), but the negro sometimes makes masses of more than 2 kilo- 
grammes (say 4J lbs.). As these balls are very bulky, and as the workman 
cannot easily hold them between the fingers, he lies on the flat of his back and 
continues to wind the rubber, supporting the ball with his hands and the pit of 
his stomach. The operation is continued until the flow of juice is exhausted 
(Chapel). 

Criticism — Merits of tJw process. — This process, where natural and artificial 
heat as well as a powerful antiseptic, common salt, are constantly coming in 
contact with the most infinitesimal quantities of rubber, is very useful where 
smoking is not possible, either on account of the local dispositions of the country 
which yields the latex, or on account of the more or less thick nature of the 
secreted juice. Each filament is in contact both with the exterior air and the 
hand of the operator, the evaporation of the serum is thus greatly facilitated 
whilst the common salt is constantly antisepticising the whole. The operation is 
tiresome, yet if Nature be bountiful in furnishing us with raw materials for our 
industries, it involves a certain effort on our part to profit as far as possible there- 
from. Coal-mining is laborious and metals are not obtained without great effort ; 
no one complains of the total work expended if the result be profitable. 

Purity of the product — Bad effect of natives' malpractices. — This process 
has another advantage : it facilitates the production of a rather pure product, 
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mtliout admixture of extraneous mineral or vegetable matter, unless the collector 
feels bound to add these substances to increase the weight of the goods. But the 
buyer will do justice to such misdeeds, and the natives cannot be too much 
admonished against their very marked tendencies towards these malpractices. 
Ill-repute rapidly strikes their raw material, and it is always difficult, and 
sometimes impossible, to induce the trader to resume the route which he has 
abandoned on accounts of a bad deal. 

5. Separation of the indiaryMer by churning — The process inherently de- 
fective, — A few lines are devoted to the method proposed by M. Rousseau for 
coagulation by simple churning. The notion is seducing : to churn the latex, as 
cream is churned in butter-making, is an easy enough operation, but it has a grave 
defect which will never allow of this conception being adopted in actual practice. 
Butter, once separated from the butter-milk, abandons by a slight pressure — 
whether mechanical or by hand — almost all the serum which it has imprisoned ; 
kneading with table-salt antisepticises it for some time, but rubber does not yield 
to pressure or kneading in the same way without sufficient desiccation and anti- 
septisation. The rubber thus obtained, even with the best juices, would have all 
the previously mentioned defects. 

Summary of the best methods adopted for obtaining raw rubber — (1) The 
process must vary with the density of the latex. — In choosing a rational method for 
coagulating the latex, regard must always be had to the density of the juice. The 
Landolphias and Manihots yield a thicker milk than the Heveas^ the Castilloas, 
and the Ficus^ and the same method of coagulation cannot be used indiscrimin- 
ately. 

(2) A pure product always to be aimed at. — It is necessary, whatever process 
may be adopted, not to forget that the object of coagulation is to produce an 
article as exempt from water and fermentable substances as possible, whilst it at 
the same time frees it from all inert foreign bodies, which can only impart to the 
product a sophisticated appearance, which perceptibly depreciates it, whether the 
addition be intentional or not. 

Processes recommended. — From this point of view, two coagulation methods 
specially recommend themselves to the attention of collectors, namely, that marked 
1 a I. Coagulation by artificial heat or smoking ; and 4. Coagulation by natural 
or artificial heat, with the intervention of common salt. 

(3) Injurious action of acids and alum and dilution with water. — The use of 
acids — mineral or vegetable — that of alum, as well as the addition of water in any 
form, are always injurious to the quahty of the product, and ought to be carefully 
avoided in coagulation processes. 

(4) Influence of shape and size. — The size and shape given to the mass of 
rubber is not without its influence on the quality of the product, and we have 
often remarked, chiefly in the methods in which an aqueous liquid intervenes, 
that the product is more defective the greater its bulk. This is easily explained. 
The more the surfaces are renewed in the drying of the same quantity of matter, 
the greater is the evaporation, the rubber gains in quality, and the greater 
desiccation diminishes the ulterior action of ferments. 

(5) Evil effect of mixing the milk of different trees. — In order to obtain a 
rubber endowed with the maximum of good qualities which a latex is capable of 
producing, it is necessary to carefully avoid mixing the milks of diflerent rubber 
trees; for one reason or another, the one is always inferior to the other with 
which it is associated. In such a mixture the inferior sort always reacts on its 
neighbour, and not only depreciates its value, but its properties are really 
more or less altered. 

(6) Ths desirability of ascertaining the chemical composition of the latex. — A 
knowledge of the exact composition of the latex of each species would aid greatly 
in the selection of the best method for coagulation of each individual rubber. 

Absence of data. — Unfortunately, sufficiently exact data are wanting. It is to be 
regretted that this work has not been already undertaken, for it would render immense 
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service to the rubber industry, and it is to be hoped that in recording the import- 
ance of the gap the attention of chemists and naturalists will be aroused. Adriani, 
in his study of the latex of the Indian Ficus^ adopted the best methods of analysis. 
In the following, chapter an effort has been made to study the latex of the Hema 
under the most exact conditions possible. It would be necessary for the same work 
to be done with each variety of latex produced by the different plants of each 
country ; a powerful factor would then have been gained in the elucidation of such 
important questions as the best methods of coagulation and the preservation of 
each of the natural varieties of rubber.^ 

(7) The necessity of ascertaining the intimate structure of the laticiferous 
vessels. — The exact knowledge of the intimate structure of laticiferous vessels, their 
arrangement and development as regards the other organs of the bark, would also 
be of the greatest assistance in such a research. But little has been done in this 
direction, although it might bring a fresh light to bear on the originating influence, 
on the quality of the rubber and its most appropriate treatment. The authors only 
know the micrographical work of M. MoreUet upon some rubber barks. This 
example would be a good one to follow, particularly on the spot. However that 
may be, use has been made here of the slight amount of material published by this 
savant, and it is to be hoped that he will not leave such an interesting work 
unfinished. 2 

1 This has now been done, or is being accomplished. 

2 Recent resino-micographieal literature abounds in data of the type here desiderated. 
Much interesting work has been done of recent years on the minute structure of laticiferous 
vessels, for a survey and bibliography of which see TscMrseh's Earze und Harze Behdlter. 
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EUBBER CULTIVATION IN VARIOUS COUNTRIES 

CLIMATOLOGY — SOIL — RATIONAL CULTURE AND ACCLIMATISATION OF THE 
DIFFERENT SPECIES OP INDXARUBBER PLANTS 

Influence of methods of collection of latex^ and separation of resin^ on quality. 
— If the richness of the latescent juice of indiarubber plants vary with the nature of 
the plants producing it, their age, their surroundings, with the season and even the 
hour of harvesting, the quality of the latex, and therefore that of the indiarubber, 
obtained from it, may also vary, according to the method of collecting the latex, 
and the process of separation of the resin, disseminated through it. Influence of 
genera and species. — The diversity of the plants yielding the latex need not be 
insisted upon any further. We reserve our description of the importance of the 
plant until the merits and defects of each commercial variety of indiarubber falls 
to be discussed. 

Influence of age. — The influence which the age of the plant exerts in the 
production of the latex is important. Extreme youth, like extreme old age, is pre- 
judicial to the productive force in the vegetable kingdom as well as in the animal 
kingdom. The Hevea of Brazil do not commence to be remunerative before the 
age of fifteen to twenty years, and that it does not become exuberantly productive 
under twenty-five years, without reaching decay in a hundred. The Manihot of 
the same country yields profitably as young as ten years, and the Urceola in its 
fifth year. 

Influence of the age of the plant on the nature of the latex and the abundance of 
its floio . — This point has been studied by several authorities, amongst others by 
Wright, by Proudlock, and by Perkin : — “ Some laticiferous plants yield rubber of 
good quality when quite young, but this cannot be said of the Hevea, Castilloa, 
or Manihot species in Ceylon. The cortex of the seedling of Hevea hraziliensis 
and the cotyledons of the seed itself possess a large number of laticiferous 
channels, but the latex obtainable therefrom is usually very sticky 
and the dried product of low commercial value. Rubber prepared from 
two-year-old trees of Hevea hraziliensis is sticky and easily snaps when lightly 
stretched ; that from four-year-old trees or from stems which have a circumference 
of about twenty inches, though it does not possess the properties which manu- 
facturers most desire, realises a price which is, to the producers, satisfactory. 
When a tree is tapped for the first time, though it may be four to twenty-nine years 
old, the rubber obtained from the latex is apt to turn soft, sticky, or tacky on keep- 
ing; this is usually accounted for by the large proportion of sap contents 
which are unavoidably mixed with the latex when the original incisions are made, 
the sugars, gums, etc., from the cortical cells providing a good food supply for 
bacteria responsible for the development of tackiness in rubber. Subsequent 
tappings of trees of these dimensions usually give good rubber when the tapping 
operations are carried out on the basal part (base to 5 or 6 feet).” — Wright, Cantor 
Lectures. 

Proudlock, curator of the Government plantations on the Nilghiri Hills, found 
that Castilloa trees three or four years old, in the Barliar plantation, 2,400 feet, 
yielded a gummy substance destitute of the properties of true rubber. Fifteen 
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months later these selfsame trees yielded a better quality of rubber, hence he concludes 
that the change from yielding a gummy substance to yielding a true rubber, co- 
incides with or closely follows the period when the species first begins to produce seech 


Table VI. — Natural Habitat op Indiaeubber Plants. 


Country. 

Altitude. 

Indiarubber Plants best 
adapted for Climate, etc. 

South America 

Plain. 

Heights. 

Reveas. 

Micandras. 

Manihots. 

Hancornias. 

Central America .... 


Castilloas. 

West Africa 


LandolpMas. 

Yaheas, Callotropis. 

East and Central Africa . 


Vdheas. 

Landolphias. 

India 


Ficus. 

Willughbeia, Cynanchum. 
Cameraria, Ohavanesia. 

Oceania 


Ficus, Urceolcb. 

1 


Soil. — It has been assumed for a long time that swampy land, exposed to 
the action of the tropical sun, is alone adapted for the growth and development of 
indiarubber trees. This assertion, if true as regards the Hevea of the Amazon, 
is not so as far as the Hancornia or the Mangaheira of the sandy soil of Pernambuco, 
Maranhao, and Bahia, nor as regards the Manihot or Manisoha {leitera) of the arid 
and granitic rocks of the province of Ceara. This plant resists the driest weather, 
and, whilst every other form of vegetation is destroyed under the influence of a 
scorching wind, it thrives and yields generously a profitable latex. 

It must, however, be acknowledged that vegetation is much more intense in 
ground exposed to inundations or drenched by the periodical rains, and that the 
combined action of heat and moisture is essentially favourable to the development 
of indiarubber plants. If the soil on which they grow be marshy, or greatly soaked 
by the rain, or by the prolonged sojourn of the water along the banks of the 
rivers, the latex will be watery and, consequently, poorer in resin. If, on the 
contrary, the same plant be situated on dry ground, exposed to the heat of a torrid 
sun, the latex will be less abundant and more difficult to collect, but it gives a 
larger proportion of resin. 

Moreover, this influence of an excess of humidity brings in its train very 
unsatisfactory results so far as the harvest is concerned, when the rains have 
persisted longer than the customary time. 

Ratio of indiarvhher to latex. — However that may be, the yield of the latex in 
indiarubber may vary from 15 to 40 per cent. ; below 15 jDer cent, the trees are not 
wrought, the results being no longer profitable. 

Acclimatisation of Indiarubber Plants. — Early History.^ 

The question of soil brings us naturally to that of the rational ^ culture of 
indiarubber plants and to that of the acclimatisation of the different species from on© 
hemisphere to another. 

In British India.— hi this respect, the British, essentially practical, and 
always zealous to free themselves as far as possible from paying tribute to foreign 
countries for the acquisition of raw materials employed in industry, have not 

^ Recent developments must have perforce modified the views of the authors on. the acclima- 
tisation of rubber. This section (pp. 57-63) is retained as of purely historical interest.— Trans- 
lator’s note to second edition. 
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hesitated to introduce into their Asiastic colonies the rational culture of indiarubber 
plants, and to try to acclimatise those most adaptable to the soil and climate of 
Asia. These experiments are on the point of being crowned with full success. In 
their intention to make India the ihdiarubber-producing country of the world par* 
excellence^ the British w^ere, to a certain extent, encouraged in their enterprise by 
several reasons, which contributed to j)resent this design under the most alluring 
colours. 

Ind%icements leading to attempts at acclimatisation, — In Amazonia the rubber 
trees had been treated in such an irrational manner, that many of the trees and 
the best were annihilated, and consequently the seringueivo had been constrained 
to penetrate farther and farther into the solitude of the virgin forests. On the 
other hand, the Brazilian Government, as well as the local authorities of the produc- 
tive provinces, had imposed on indiarubber an export tax, levied at the place "where 
it was wrought ; then it capped that with an ad valorem duty of 21 to 22 per cent. 
(9 per cent, on account of local customs dues and 11 to 13 per cent, for provincial 
taxes). This taxation, moreover, was not the only imposition. The formation of 
a syndicate of Liverpool speculators, desirous of cornering the world’s market of 
indiarubber, had still further contributed to raise the price of the article beyond 
what it "vs^ould ever have been if the ordinary rules of supply and demand had been 
followed. These considerations were bound to influence a Government mindful 
alike of its industry and commerce. There was, however, a dark side to the picture. 
The cheap rate at which indiarubber was produced by plants growing wild was 
brought forward as an objection. What had the collectors to do with rational 
culture, when it was only necessary to penetrate a little farther into the virgin 
forest, where abundant vegetation presented itself to them'? Cbuld a colonist, 
however intelligent he might be, hope to enter into serious competition with 
such a rival *1 This objection was victoriously fought; If the indiarubber tree 
is only to be found in the virgin forest, has not the harvester to undertake a long 
and tiresome journey of several weeks’ duration before arriving thereat, and before 
finding the most convenient place for fixing his hut ^ Is he not frequently under 
the necessity of changing his abode until he has collected enough to cover the 
expense of his journey, his stay, as well as his return, without speaking of the 
profit to be realised — a profit which enables him to live during the rainy seasons 1 
Is he not far removed from the settlers who w^ould buy his harvest from him '? and 
the far from conscientious dealers, are they not there for the express purpose of 
working upon his extreme distress on his return, and to acquire dirt-cheap the 
product of his work 1 

The colonial planter's advantages over the Indian, — However small may be the 
wants of the Indian, he will never produce with so little cost, and so much quietude 
and peace, as the colonist in his enclosed plantation. The British had already had 
a striking example of this in the culture of cinchonas. Hence they passed over 
these specious objections, and continued on the road which they had mapped out 
for themselves. It was quite natural that the first attempts should have been 
brought to bear on the rational culture of the indiarubber tree indigenous to the 
country itself, the Ficus indica. This tentative had, moreover, become urgent, in 
consequence of the ever-increasing destruction by the native collectors of the 
natural trees in existence at the time ; and, under the risk of seeing this branch of 
national production perish for ever, it became necessary to replace the ever- 
decreasing trees. 

Rational culture of rubber first attempted in Assam, — The first attempt to 
form plantations was made in Assam in 1860. The experiment furnished sufficient 
data to be able to count upon the success of an undertaking of this kind. - 

Yield of a Ficus in rubber — Amount and intervals.— It is only after twenty-five 
years that the Ficus can actually furnish a profitable yield. From that time 
forward the tree will yield every three years ; to expect more from it would be to 
condemn it to rapid impoverishment. At the age of fifty years, each Ficus should 
furnish a triennial harvest of 20 -kilogs., say 44 lb. of indiarubber. 
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Cause of failure — Imperfections of Ficus rubber, — This calculation was not so 
attractive, considering the time that had to elapse before drawing any profit from a 
plantation. Analyses and experiments undertaken at intervals proved, moreover, 
that the Ficus by its own milky juice could not, no matter how perfect were the 
methods of preparation, furnish an indiarubber equal to that of Para and Ceara. 
These experiments were therefore condemned, and the Assam plantations were 
temporarily discontinued. 

Equally futile attempts to acclimatise the Urceola elastica and Urceola 
esculenta. — Trials were then made with the Urceola elastica of Borneo, the 
development of which is so rapid that as early as the third year it yields its. first 
crop. Moreover, the plantation once established requires no other care whatever. 
But, without knowing the reason, it would appear to us that no serious attempt 
was made in this matter. The same holds good in regard to the Urceola esculenta^ 
the preliminary establishment expenses of which are very much below the average, 
and which furnish by the seventh year a yield varying between ^ and 2 J kilogs, 
(li to 5 Jib.). 

Still further futile attempts at acclimatisation — Trials with the Castilloa . — 
The British, especially struck with the really remarkable qualities of American 
rubber, directed their efforts particularly in that direction. But it is a 
remarkable thing that in their , trials they did not start with the Hevea 
hraziliensis, but rather with the Castilloa elastica^ which yields a much inferior 
rubber. In 1875, Robert Cross was entrusted by the director of the Royal 
Botanical Gardens of Kew with a mission to Central America, with the object of 
procuring slips, cuttings, and seeds of the different species of Castilloa^ intended to 
be "multiplied and propagated in glass-houses, for ultimate distribution amongst the 
different British colonies. This system, which is adopted by the British, in a 
general manner, for all the plants which they wish to acclimatise in their colonial 
settlements, is not, however, without a flaw. Because a plant succeeds in a 
perfectly well-regulated greenhouse, under the hand of educated and skilful 
gardeners, with care bestowed upon it, which it would be impossible to give it in 
the open field, it does not follow that the plants wiU inevitably succeed on the spot 
to which they are eventually transplanted. Hence arise innumerable deceptions, 
where there have been every ground to hope for success. That is exactly what 
happened with the Castilloas : whilst they prospered in the Kew hothouses, they 
perished in the Indian plantations in default of the soil and climate of the mother 
country. These trees, in fact, prosper more especially in the dense moisture- 
saturated forests of Central America, on the banks of the rivers on the Atlantic side 
of the watershed or “divide.” In the producing districts par excellence of this 
indiarubber tree, namely, in the basin of the Rio San Juan, it rains nearly nine 
months of the year, and that is par excellence the climatic conditions essential to 
the perfect growth and development of the Castilloas, These trees will never 
succeed in marshy ground, but are especially fond of humid but arable land.^ 
Reproduction is easily effected by marcots (branches covered with soil without 
being detached from the main stem, so that they may take root ; in Britain the 
branch is called a layer, and the process is known as layering) detached from the 
young branches, but these marcots or layers never assume a very vertical position. 

Futile attempts to acclimatise the Hevea hraziliensis, — In the following year 
(1876) Robert Cross was sent to Amazonia to get slips and seeds of the Hevea 
hraziliensis. In spite of the ill-will of the natives, jealous of preserving the 
monopoly of so highly profitable a product, he succeeded in his mission, and the 
Hevea was brought to augment the richness of the acclimatisation gardens of Kew. 

Cause of failure. — This tree prospered well in the hothouse, but suffered in 
its turn the fate of the Castilloas^ and for the same reasons, in the bare, exposed 
country plantations. The thing was easily understood : the Hevea subsisted under 

^ Manson recommends Castilloa trials on hillsides with western aspect. It thrives on 
hills of Southern India, near Calicut and Malabar, and is a tree for the coffee zone and moist 
hilly regions. 
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appreciably the same conditions of soil and climate as the Cadilloa. The tree 
may live on ground of varied nature and constitution, but it does not succeed well 
except in rich, argillaceous alluvium, on the banks of streams or rivers, where 
moisture does not degenerate into swamps and marshes, the regular How of the 
water through the soil is to a certain extent indispensable, and in countries where 
the thermometer registers at midday 32^* to 35° C. (89*6° to 95° F.), but which 
never falls below 22° C. (7T6° F,). It is rare in Amazonia to pass ten consecutive 
days without rain, and every day clouds of mist envelop vegetation. Now, 
almost parallel climatic conditions are not to"* be found in the south of Burmah. 
But there are other essential conditions which did not at first receive the 
attention which they deserved. The countries where it is proposed to establish a 
plantation of indiarubber trees ought to be hospitable; iti s necessary that 
man should be able to live there, and to withstand the fatigue of regular and con- 
tinuous labour. In those regions which are specially adapted and fitted for the 
successful growth and development of the Castilloas, as well as the Eeveas^ even 
the Indian native himself cannot establish a fixed domicile ; the more reason, 
therefore, why the civilised colonist should not even dream of doing so. Amazonia 
and the banks of the San Juan rivers, the most productive of all indiarubber tree 
countries, are uninhabited. The serinc/ueiros alone pass through them during the 
so-called dry season, wasted by fever, devoured by insects, longing for the day of 
departure. 

Successful acclimatisation of Manihot Glazotoii. — Better success attended the 
attempts to acclimatise the Ceara indiarubber plant, the Manihot Glazowi% which 
thrives naturally on stony ground, where, generally, brambles and such-like bushes 
alone can live. It requires heat, but it can bear a comparatively large amount of 
drought. Its natural habitat is in the most arid countries of Brazil, where a 
temperature of 25° to 30° G. (say 77° to 86° F.) reigns. According to experiments 
made in Ceylon, this indiarubber plant thrives best at an altitude of 1800 
metres (say 5904 feet) above the level of the sea, and does not require any 
very particular soil, and adapts itself admirably to the climatic conditions of its 
adopted country. It also succeeds equally well on the Indian continent as in 
Ceylon, and the Manihot was at one time considered as the indiarubber tree of the 
future. 

Aids to germination — Eiirsery worh — Transplanting. — Its seed is very thick, 
protected by a very’ hard shell ; in order to hasten germination, which lasts for a 
whole year, the corners may be removed by a file ; great care must be taken in 
this operation so as not to injure the germ. Each seed prepared in this way is 
planted in the ground; planting is done in the open air, 75 millimetres (say 
3 inches) between each seed; the seed is covered with from 12 to 13 millimetres 
(say about half an inch) of soil, and is afterwards watered twice a day in dry 
weather. It is essential that the seed be not in the shade, otherwise it will rot. 
The plants germinate in about three or four weeks ; and as soon as the young 
shoots have attained a height of 30 centimetres (say 1 foot), they are fit for being 
transplanted out definitely, without any other precaution than to keep the shoots 
3|- metres (say 1 1 *48 feet) apart in every direction. 

Steeping versus filing the seeds — Propagation. — Instead of filing the seeds, an 
operation always attended with great risk, the planter may rest satisfied with steep- 
ing them in cold water beforehand for six days ; in that case germination does not 
commence until the fourth week. Propagation may also be effected by the mar- 
cotage or layering of the young branches ; these marcots easily take root, provided 
one “eye” is at least in the ground and another in the open air. At the present, 
time horticulturists and seed merchants supply both shoots in cases and prepared 
seeds at very moderate charges. 

When Manihots can first he hied. — In these unprecedented trials, practice alone 
could serve as a guide. One of the most important results attained was the know- 
ledge of when to fix exactly the proper age at which to bleed the manihot. 
Experience taught that it was in the fifth year that the first profitable incision 
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could be made, and that after that the tree could be operated on twice annually, 
and during three consecutive days each time. The following data relate to india- 
rubber culture on Cocowate Station, Lunugalla, Ceylon : — 

Area imder cultivation.— hectares ; say 30 acres. 

Dwration of of the leaf^^ period. — Growth stops in a regular manner 

every year during the months of June and July ; the leaves fall and seem to die. 
But a little afterwards the buds and the foliage reappear more beautiful than ever. 

Seeds. — After three years the trees commence to flower and to yield seed, 
which, as they ripen, fall on the gronnd and germinate rapidly. 

Crop. — The trees, still very young, yield but very little, about 500 grammes 
(say lb.), but it is more than probable that with age the yield will become more 
considerable. Experience alone will tell. If, however, this figure becomes a 
definite one, a hectare will produce annually 375 kilogrammes of indiarubber (say 
334 lbs. per acre), which, at the price of 5 francs the kilogramme (say Is. lOd. 
the lb.), would give a total of 1875 francs (say ,£75 the hectare, £30 per acre), the 
third of which, 625 francs the hectare (say £10 the acre), would cover working 
expenses, to yield a gross profit of 1250 francs the hectare (say £20 the acre). 
But unfortunately the Ceylon results have been disappointing ; the utmost profit 
realised was 50 rupees per acre after six yearg, . 

Table VII. — Showing- Rate op Gbowth and Development of 
Manihot Glazowii duking first Eive Years 


in 

Height of the 
Trunk. 

Height of Trunk to 
First Branch. 

Circumference at 
the Base. 

Upper Circumference 
at 2 metres (64 feet). 

Y ears. 

In metres. 

In feet. 

In metres. 

In feet. 

In metres. 

la inches. 

In metres. 

In inches. 

1 

6-5 

18 



0-24 


0-17 

64 

2 

8-25 

17 

2 -'so 

8 

0-66 

22 

0*35 

i3i 

3 

ll’O 

36 

2-75 

9 

0-75 

29i 

0-60 

23i 

4 

13-0 

42 

3-30 

11 

1*06 

41| 

0-62 

241 1 

5 

15-0 

50 

6-70 

22 

1T6 

45i 




Growth is rapid, reproduction by sowing easy as seed-crop is abundant. 

French Colonial enter 2 orise — Sluggish ancient methods contrasted ivith energetic 
modern measures . — Attempts at acclimatisation and rational cxdture have also been 
made in other countries, and especially in the French possessions. If Jacques 
Duval could say in his day that ‘‘ Of the five nations which divide equatorial 
America, it must be acknowledged that France is the one which has made the 
greatest blunders in its administration of its conquered territory, and, after the 
lapse of three centuries, our work in Guiana may be thrown in our face as an 
insult and an injury,” he would not be able to sj)eak in this way of our recent 
colonies in Western Africa, Cochin-China, Tonkin, and Annarn. Colonial adminis- 
tration in these cases has been organised on a more i:)ractical basis, our adminis- 
trators interest themselves much more in the working and development of the 
natural richness of the provinces over which they rule, our explorers, our colonists, 
our merchants find help, encouragement, and facilities ^ even our soldiers and 
sailors understand better, that the conqueror of modern society is useless unless 
civilisation come alongside of him, charged with finding new commercial and 
industrial outlets for the mother country as well as for the new colony. 

Acclimatisation in the French Congo. — Thus in the Congo, the natives having 
resorted to cutting down the indiarubber vines instead of bleeding them more 
or less methodically, the rubber-producing tree, the La^idolphia, disappeared more 

^ At the level of the branches. 
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and more every day from the skirts of the coast and the naval stations, and this 
disappearance thus deprived the immense territory of the coast zone of a consider- 
able source of revenue. 

The Libreville Botanical Gardens. — E. Pierre, founder of the Libreville ex- 
perimental gardens, sought a remedy for the evil in acclimatisation, and in the 
same way as in Ceylon he has experimented with the Manihot (see Fig. 4). 
The attempts of Pierre are on the road to success; his communication to the 
Paris Society of Commercial Geography bears witness to it : “A single tree which 
I imported in 1887 at first yielded 115 trees, of which the greater number now 
have trunks of 50 centimetres (say 20 inches) in circumference, and a height of 
7 to 8 metres (22*96 to 26*24 feet). The tree which M. de Brazza distributes as 
much as he can amongst the natives has a great future before it in this country. 
The tree imported in 1887 is the father of 14,000 to 15,000 young plants formed 
this year. Several thousands of these young seedlings have been distributed to 
the most distant Pahouins of the river Congo.” The director of the Libreville 
Botanical Gardens counts on being able to supply henceforth 200,000 shoots, 
which will enable new plantations to be made. But one fact must be pointed 
out, which has been communicated to us verbally by M. Mazier, one of the 
young and bold French colonists who settled some years ago at N’Djol4, on the 
Ogooue : ^ — It is all very well to distribute young shoots of Manihot to the 
Pahouin's with recommendations and instructions for their plantation and culture, 
but the natives, who can only recognise their immediate interests and benefits, 
have, in the majority of cases, placed the young shoots on one side, to continue, 
far from any surveillance, their barbarous process of destruction and devastation. 
By penetrating a little into the interior they find an easy and abundant harvest : 
what is the good, therefore, of them setting themselves to the weary work of 
plantation and cultivation, and wait several years for a harvest from which 
probably they might not profit % The wants of the case are not met, therefore, by 
simply forming nurseries of excellent indiarubber trees, and distributing the young 
trees without discernment to the native; it is necessary, if the firm resolve has 
been made to attain a practical result, that the more intelligent, the more far- 
seeing colonist of the future should see to the surveillance of the plantations, from 
which he will soon be able to draw substantial profit. According to Paroisse, the 
Libreville Manihot is not the same as that which yields the Ceara and the Ceylon 
Manihot^ but a Manihot which is a native of one of the isles in the neighbourhood 
of the French colony des rivieres du Svd.^ 

Acclimatisation in Cochin-China, — In Cochin-China, where the soil and the 
climate are admirably adapted for indiarubber plantations, acclimatisation 
experiments have not been neglected. M. Pierre, the director of the botanical 
garden of Saigon, has successfully acclimatised the Hevea guyanensis. It is not 
known whether the transplanting into fresh ground has succeeded any better than 
the Kew trials. 

In Reunion. — The Isle of Reunion has also had its attempts at the acclimatisa- 
tion and rational culture of indiarubber. Unfortunately no information as to the 
success of these attempts is available. 

Rational culture m South America. — Peru, Colombia, Costa Rica, San Carlos, 
and Amazonia itself, have all had their attempts at the rational culture of rubber, 

^ At the time at which this article is being finished, it would appear that the question of 
the rational culture of the Oeara indiarubber had received a check at the Congo. Fortunately 
this check was not of long duration, for the following is what we read, under date of 19th 
August 1894, in the different Paris newspapers: — “The Journal Officid du Oongo^ which 
reached Paris to-day, publishes a report of the director of the Libreville Botanical Garden, 
from which it would appear that the trials on the germination of the Ceara (?) indiarubber, 
commenced a long time ago, have finally been crowned with complete success. After many 
blindfold attempts, a process has been discovered, by means of which, after a simple and 
practical preparation, these seeds placed in the ground and watered spring up in eight days. 
At the present time the garden possesses about 1000 of these small plants, which, in a little, 
may be handed over to the planters. ” Are the seeds sown the same way as those in Ceylon ? 
We do not know (Authors’ note to first edition). 
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and the result has always responded to the sum of the efforts expended. But let 
it be well known, and here the authors speak more especially for the benefit of conv- 
patriots^ that experimenting alone is not all that is wanted ; it is necessary, like the 
British, to persevere and not to be discouraged with a first failure, nor by the first 
unproductive expense. If success be certain, it is possible to wait a little longer. 
Every experiment always yields a result, but this result may not be attained until 
the moment when the operator has already lost all hope. What more striking 
proof could be given of the truth of this remark than Goodyear in despair and 
reduced to his last extremity, who finally discovered the vulcanisation of indiarubber, 
and afterwards the manufacture of ebonite or hardened indiarubber ! 

But France is now doing excellent work in rubber cultivation in West Africa, 
and there are hopes of Madagascar being opened up for rubber cultivation also. — . 
[Tr. 1909.] 

Tapping plantation rubber trees . — The planter decides upon the form of cuts he 



Fig. 21. — Collecting rubber by spiral tapping in British Malaya. 


will adopt — herring bone, V-shaped, spiral, etc. — the first two being practically the 
only ones adopted in Malaya. The bark is cut across the tree in the selected way, 
but not so deeply as to reach the wood of the tree, always leaving behind some of 
the cambial, or growing layer of the stem, so that the wound may rapidly heal 
and before very long be suitable for tapping over again. 

Directly the cut is made, the milk-white latex, which is a mixture of caoutchouc, 
or rubber, and the sap of the tree, flows, and where there are a number of cuts of 
a tree these are joined together by shallow channels in the bark, and the latex runs 
down to a round aluminium or galvanised iron cup placed at the base of the tree. 
As much as half a pint of this w^hite milk-like fluid may run into the cup, and then; 
the flow ceases and some of the latex begins to coagulate on the cuts and in the 
channels on the tree, from whence it is pulled off and, after thoroughly cleaning, 
becomes “scrap” rubber, which differs only slightly in colour from the rubber 
prepared from the latex caught in the cups. A series of experimental tappings were 
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recently made upon CaMilloa trees of six, seven, and eiglit years old, on an estate on 
the lsthmns of Tehuantepec. The crude method of tapping as practised by the 
native Indian, by cutting the trees with a “machke,” has, of course, been super- 
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seded^ by the employment of specially designed tools. The knife used in the 
experiments here dealt with was one invented by Mr. V. S. Smith, an American 
planter in the State of Chiapas. The incisions were made in V form, but, instead 
of making a complete V, the cut on one side, was stopped short of the other, to 
avoid introducing a possible focus of infection or rot at the meeting-point, where 
moisture might be retained. A drip cup was attached to the base of the tree, by 
means of an upward cuf made in the bark, the bottom of the cup resting on the 
ground. (The object of the upioard cut was, of course, to convey the latex into 
the receptacle without waste.) In earlier tapping experiments a straight incision 
was also made between the centres of the V’s, forming a regular herring-bone 
arrangement ; this was, however, found to be a useless mutilation of the cortex. 



Fro. 23 .— Collecting rubber from Castilloa trees by Y tapping in a Mexican 

plantation. 


increasing the risk of rot, as the mere drawing of a finger on the bark from V to V 
sufficed to establish a route for the flow of the latex down into the drip cup. The 
central cut, moreover, added little or nothing to the actual flow of latex, owing to 
the vertical structure of the lactiferous ceUs in the Castilloa tree. When the 
higher parts of old trees are tapped, the latex obtained is often changed in 
constitution. The latex from high parts is often very watery, and popesses a low 
percentage of caoutchouc; on treatment with the requisite quantity of acid, 
coagulation does not take place ; even when allowed to stand for several days a 
curdled liquid only is obtained, the particles of which are not elastic and do not 
adhere to one onother. 

The number of times when non-coagulable Para latex has been obtained from 
various sections of the stem of twenty-nine-year-old trees is given below, and in 
considering them it should be remembered that the circumference of the stems at 
the higher points tapped was not less than 3t) inches. 
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Table VIII. — Percentage of Tapping giving Non-coagulable Latex. 


Height of tapping 
area. 

hTiimher of times 
. tapped. 

Humber of times 
when latex 
not 

coagulable. 

Per cent, of 
tappings giving . 
non-coagulable 
latex., 

Base -to 5 or 6 feet 

1165 

* 

9 

0*77 

„ 6 to 16 feet . . 

95 

1 

1*05 

,, 10 to 20 ,, 

94 

1 

1*06 

,, 20 to 30 ,, 

94 

2 

2-12 

,, 30 . 

in 

24. 

14*03 

,3 50 . 

84 

5 

5*95 


Coagulating plantation latex, — The latex may be transferred to the factory in 
suitable vessels carried by the coolies on their head, or. it may be transferred to the 
factory in capacious milk cans on trucks running on a mono-rail. At the factory it is 
run into either circular or rectangular small tins, and treated with the requisite amount 
of lime juice, acetic acid, formic acid,, etc. When the rubber is not washed it 
assumes the form of the vessel in which it was coagulated, namely, round biscuits 
or rectangular sheets. When large quantities are coagulated in bulk, after being 
treated with the calculated amount of acid, the wdiole is allowed to stand till next 
morning. 

Bittmarh classification of coagulants, — Amongst chemical coagulants not 
mentioned in the text by the original authors in the first edition, Dittmar in his 
classification of coagulants gives the following : — i:)henicin sulphate, acetone, acetic 
acid, formic acid. He also gives a separate heading to coagulation by urine, and 
another to coagulation by sterilisation followed by acidification, amongst which 
he enumerates the following antiseptics as being used — formaldeliyde, guaiacol or 
thymol solution, then acidification with oxalic acid, formic acid, citric acid, extract 
of termites and of ants, In addition to churning, he gives a separate heading 
to centrifuging, otherwise his classification is similar to the authors^ Zimmerman 
classifies the reagents he used or tested for coagulation of the latex of Manihot- 
Gladoioii as follows : — 

Useless — Alum, 5 per cent. ; ammonium ferrocyanide, 5 per cent. Incomplete or 
very slow — formalin, 2 per cent. ; common salt, 2 to 5 per cent. ; pyridine, 2 to 
4 per cent. Paplike — Tannic acid, 2 to 5 per cent., and bark extract from Acacia 
dec^irrens. Good — hydrochloric acid, sulphuric acid, formic acid, acetic acid, citric 
acid, lyso] and carbolic acid. 

Weherh smnmary of coagulaticm according to his theories. — (1) That the so- 
called coagulation of rubber by acids or alkalies is erroneous in that it is only the 
albumen which is coagulated by these substances, and not the rubber , itself. 
(2) That the albumen contained in latex is very harmful in many respects, and 
that it ought to be as far as possible eliminated from the milk before attempting 
to agglutinate the rubber. (3) The method Weber recommends for coagulation 
Is briefly as follows : — First mix the latex with water at least five times its volume. 
In cases where the latex is thick, actual boiling water may be used with advantage. 
In this state it can be easily strained to remove impurities. After this, add 
formaldehyde in the proportion of 8 oz. to a petroleum barrel, stir well and let 
it stand for twenty-four hours, when the rubber will collect on the top and can be 
lifted out in one mass. In order • to remove any traces of albumen that may be 
suspended, the rubber should next be cut into strips and subjected to a thorough 
washing u]pon an ordinary rubber washing machine. But, according to Watt, the 
use of formaldehyde does not seem to have been the success that Weber antici- 
pated, though his recommendation for cleanliness and repeated washing has been 
universally accepted. 

Weber regards coalescence of the latex as in the churning process as different 
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from coagulation thereof. The latex examined by Harries he asserts had nothing 
in common with good latex. To Weber there is the same difference as between 
butter-making and cheese-making. In the future, when we know how rubber 
becomes polynierised, a more decided opinion can be formed on the subject. The - 
direction which the polymerisation assumes plays an important role in the process, 
and Weber doubted if Esch and Chvolles well understand its bearing. One 
cannot, in Weber’s opinion, regard the polymerisation of rubber like that of other 
organic bodies, such as formaldehyde into paraldehyde, acetylene into benzene. 
Besides, coagulated rubber has not the same properties as coalesced rubber ; that is 
why the centrifugal method used in Ceylon failed to give good results, the products 
obtained thereby not being comparable with the rubber obtained by coagulation 
by means of acetic acid. The coalesced product has no sale on the market, because 
it is especially in the Hevea latex exploited in Ceylon that the differentiation of 
the two products is very decided. Weber attributed that to a less advanced stage 
of polymerisation in the coalesced product, but he was never able to impart to it 
the polymerisation of the coagulated product. Then, again, there is another thing 
besides polymerisation in rubber. Rubber has a structure, for its physical 
properties are sometimes different according to the direction, thus one can easily 
detect sometimes that rubber vulcanised in sheets has an elongation in the case of 
over cured rubber in one direction and undercured in another. Weber made 
experiments fourteen years ago {i.e. in 1891) in Messrs. Macintosh’s factory 
in Manchester, in order to dissolve fine select Para rubber in ether, and found to 
his great astonishment that sheets of this quality did not dissolve therein even 
after several weeks’ contact. Weber afterwards, with his assistant, Mr. Betteridge, 
frequently repeated this experiment, and the result was always the same. , Weber 
also repeated the same experiments on other rubbers, but his death prevents an 
account of them being given. 

According to Weber, there are considerable oscillations in the solubility of rubber 
in ether. Carbon disulphide solves the problem better. It may be taken that 
the portion which dissolves in ether is pure rubber of the formula C^q Hir, and 
that the remainder obtained by other solvents contains oxygen of which the 
quantity gradually increases with the fractionation, and the rolls change the ratio 
of these two quantities and may render all the rubber solvents. That plays a 
granff r61e in actual practical working, and Weber had said so for a long time. We 
' cannot, therefore, appreciate the quality of a rubber by the amount of insoluble, 
it being given that mixing and mastication changes this very variable quantity 
even so far as to cause it to disappear altogether. 

The chuTning and centTifugal ^methods of coalescing tlw latex. Biffen, by 
treating the latex in a centrifugal,^ revolving at a speed of 6000 turns a minute, 
found that the Hevea latex left a residue of 28 to 30 per cent., and that of Castilloa 
elastica 25 per cent. The latex, after being mixed with 50 per cent, of water, is 
placed in the machine and spun for the space of a few minutes. The machine is 
then allowed to come to rest gradually, when the rubber floats to the top of the 
liquid in a thick white mass, with the albumenoids, proteids, and all dirt and chips at 
the bottom. The rubber is skimmed off and drained on a porous surface. Accord- 
ing to experiments carried on by Mr. Hart in Trinidad, it can be removed in about 
two hours, and in six hours afterwards it is comparatively dry. The advantages 
claimed for this method of extracting caoutchouc are as follows : (1) It pro- 
duces absolutely pure rubber ; (2) the whole process is under scientific control ; 
(3) it is capable of dealing efficiently and immediately with any quantity. 
Many recent writers deprecate the use of centrifugal force, and special machinerj^ 
has been patented in which the advantage set forth is that they do not invoke the 

aid of that force. , , r m 

The noxious enzyme iuTuhhev latex . — ^Preyer churned the soft milky cream in a 
boiling aqueous solution of formic acid or chloral hydrate, and obtained rubber of 
a pure white colour, and it remained white in the air, and when well washed with 
1 Watson, Laidlaw, & Co. type. 
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water contained neither resinous nor acetic compounds. The colour of rubber would 
therefore appear 'to be due to oxydases. With regard to the important discovery 
by Bamber of the enzyme which occurs in rubber latex, and which, if not destroyed 
early in the preparation of the raw rubber by heat or by washing, tends, with 
other organic products, to darken the rubber when it is exposed to the air. 
Bamber states that unless this enzyme is destroyed, the sunlight through a window 
or crevice falling on parts of the rubber, or a draught of air, tends to turn out a 
batch of rubber uneven in colour, according to the varying amount of the enzyme 
present. It is advisable to ensure the destruction of the enzyme which occurs in the 



Fig. 24. — The K. L. [Kala Lumpur] Coagulator. 


latex, together with certain organic products which darken on exposure to air. 
The enzyme has an effect very similar to the enzyme in tea. Unless it is de- 
stroyed early in rubber manufacture, or thoroughly removed by washing, variations 
in colour are bound to result in every day’s out-turn, as it is impossible, under 
present estate factory conditions, to dry all the rubber under identical conditions 
of light, air currents, and probably temperature. The sunlight through a window 
or crevice falling on parts of the rubber and not on other parts, or a draught of 
air, would tend to darken the colour, but the change would also be affected by the 
varying amount of enzyme present. The strength of the rubber is probably not 
affected, or only to a very slight extent, by this variation in colour, but a pale 
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rubber is preferred for many superior articles, especially articles for medical 
use. The best feeding-bottle tubes and teats are no longer black or opaque 

unclesmbne^^^^^ ^ y^Uow, which is a great safeguard against 

1 . 4 . 1907, Bamber filtered latex through porcelain in a vacuum, and 

0 ained the perfectly colourless watery part of the latex containing all the soluble 
matter naturally present. On exposing this liquid to air, he noticed that within 
a tew minutes a rapid darkening took place, which pointed to the presence of an 
active oxydising enzyme, and this he confirmed by other tests. It was evident 
that, if this enzyme could be destroyed, or removed together with most of the 
soluble matter, paler rubber should result. Experiments showed the temperature 
at which the enzyme could be destroyed, and it only remained to get experiments 
made on a large scale, on some estates for which arrangements were made before 



Fig. 25 .— -Plantation rubber washing machine, constructed in Kala Lumpur, Federated 

Malay States. 


Bamber left for England. Rubber so treated has obtained the top price at several 
recent sales, and the fact has attracted considerable attention. The heat must be 
applied long enough to thoroughly penetrate a non-conducting material, for the 
mere surface destruction of the enzyme is useless. 

Washing plantation rubber by a Colonial constructed ivasldng (or rolling) 
machine . — This new machine, Figs. 25, 26, has been produced primarily for large 
estates, and is of a similar size to a washing machine manufactured in Europe. 
It can be converted into a rublier rolling machine when desired. 

Plantation block rubber . — Fig. 27 shows a new and improved form of machine 
for compressing washed rubber into blocks for shipment. It is entirely self- 
contained, requiring no belting nor shafting for driving, is easily worked by 
native labour, and has no complicated parts likely to get out of order. The twin 


70 INDIARUBBER 

boxes into which the rubber is placed are 9 inches square by 8 inches deep, and 
finished blocks 9 inches square by about 3 inches’ thick are obtained after the 
pressure has been applied. The top of each box is hinged to facilitate charging 
and emptying, and is held in position by a simple locking device when the 
pressure is on. The pressure is obtained by a small hand-pump, capable of exerting 
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the na-TTiRj quality, or other distinguishing marks can be impressed on each block. 
Single presses are also made on similar principles to the above, also presses of any 
Other size to suit individual requirements. 

The usual method of drying rubber is by means of hot air, passed through dry- 
ing rooms by means of fans or similar devices. Certain drawbacks attached to the 
drying methods at present used have led to a very general use of a vacuum in the 
place of hot air, with satisfactory results, and among the most suitable vacuum 
apparatus, with, condensers and vacuum pumps, are those of the Emil Passburg 

System (Fig. 28). ^ i 

For the Scott method of drying rubber the following advantages are claimed : 
E-apid drying at low temperatures. Extreme economy of steam, practically all 
the heat in the steam being utilised in removing the moisture from the substance. 



Fig. 27 .— Hydraulic rubber blocking press, with two boxes and hand-pump. 


Small space occupied. Freedom from atmospheric impurities. Uniformity of 
working and uniformity of product. Independence of climatic conditions. Rubber 
can be dried in from one to four hours. Temperatures from 90 F. upwards, 
and below this, if required, the rate of drying then being slower The Scott stove 
is used for drying rubber in crepe, block, biscuit, worm, or manufactured form, ana 
gutta percha with recovery of solvent. It can be supplied in cast-iron or mild steel 
body of either rectangular or cylindrical form ; also made in sections for easy trans- 
port and up-country work. Other features are— Shelves constructed in one piece 
without any joints. Special method of attachment with steam joint ^ outside the 
stove. Door of sliding or hinged form to suit requirements and position. Con- 
denser of double-flow type, giving complete condensation with econoiny of water. 
Receiver fitted with inspection glasses, enabling the flow of condensed water and 






■i 
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Fia. 28. — Vacuum dryer for indiarubber (Passburg). 



Fig, 29. — Vacuum dryer for indiarubber (G. Scott & Sons). 
(See right-hand corner of plan, Fig. 30.) 
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(by inference) the condition of the drying operation to be determined Vacuum 
pump with mechanically-moved valves requiring little attention or repair, supplied 



either steam or belt driven. The plant is made in standard sizes, which meet the 
ordinary requirements. Many larger sizes have, however, been constructed, and 
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special combinations of plant with a number of stoves working into the one con- 
denser have also been made. 

Recent development in rubber arboriculture. — Since the above critical essay on 
rubber acclimatisation was written by the original authors of this treatise, the whole 
domain of the arboriculture of rubber has widened and enlarged, and the tropical 
culture of indiarubber in equatorial zones has progressed to an extent which at 
that time no one then dreamt of its attaining within such a short period of time. 
The contentions of the authors in this chapter that the Hevea cannot be ac- 
climatised in the East, etc., so as to produce rubber at a profit, seem to have been 





Yio. 31. — Rubber plantation three years old. Strong application of potash (15 per 
cent.) ; weak application of nitrogen (4-5 per cent.). Circumferencie of stem 1 
inch from base: beginning of 1905, 9 inches ; June 1906, 14 inches. 


demonstrated by actual results to be untenable. Their ideas are, however, worthy 
of respect, and there can be no doubt but that the Hevea yields a more abundant 
and a better quality of latex in its own hemisphere, in its own native habitat on 
the banks of the Amazon and its tributaries, than in a colonial plantation in another 
hemisphere. But .that is not to say that it cannot be cultivated at a profitin such 
colonial plantations. On the . other hand, many other authorities besides the 
authors question the advisability of replacing native rubber by Hevea^ etc. 

The fwnction of fertilisers in rubber culture . — Let us deal with the question 
of fertilisers in rubber arboriculture; and then we shall be free to consider the 
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opinions of different observers iii all tbeir bearings. Up to now artificial manures 
have not been very largely used in tbe rubber arboriculture, buttliis practice is now 
coming more into favour. This is due to the results of many experiments, 
which have shown the following advantages from the judicious use of suitable 
fertilisers : — (1) There is a liealihieT aifid better growth of the trees^ and this makes 



Fig. Si-Eubher plantation four years old. Too strong application ot nitrogen 
(6 per cent.) ; too weak application of potash (5 per cent.). Circiinifeience of 
stem 1 inch from base : beginning of 1905, inches ; June 1906, 13 inches. 

it available" to commence tapping earlier, and the trees are more resistant to the 
attacks of diseases and blight. (2) The trees grown on cultivated and manured 
land give a greater increase of groivth each year,^ and this increases the amount oi 
tapping that can be carried out. (3) There is a quicker and more thorough 
rmeival of hark, and as a result a larger yield of mMer per annum. (4) An 
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increased and more regular flow of latex. (5) The gi^owth and vitality of the root 
system is considerably developed. This result is of very great importance in the 
drier zones, as the deeper and more widely spread the root system is carried, the 
smaller the chance of the tree being affected by drought, and the more unvarying 
the latex return during the drier seasons of the year. For the above reasons, the 
application of artificial manures to rubber trees in bearing is an economical and 
necessary practice for their successful and permanent cultivation. In most 
countries artificial manures are obtained at a comparatively small cost, which is much 
more than repaid by the good results previously mentioned on the yield and growth 
of trees. In some countries rubber plantations are found on rich virgin soils, but, 
nevertheless, in many cases the application of artificial manures is found to have 
a very well-marked and valuable effect. In other parts rubber plantations are 
found on very poor soils, and in these cases there is no question at all as to the 
value of applying artificial manures. The same may also be said of rubber growing 
among tea. Here the artificials have a double effect, for whilst improving the 
growth and yield of rubber they also improve the quality and increase the yield of 
tea ; on lands where tea is growing, a larger application of manures can be given 
than on land only carrying rubber trees, as the ground is more thickly covered 
with plant life. The question that now comes to the front is. What manures 
should be applied"? But we may fiirst state that the three most required plant 
foods deficient in the soil are nitrogen^ phosphates, and jooiasA, and it should be the 
method of all cultivators of rubber to apply these three plant food constituents in 
the manure that is applied, and also to give them in the proper proportions that 
the plants require. Let us 'take a survey of the three most essential plant foods, 
and commence with the one that requires the most care in its judicious use. The 
application of too much nitrogen tends to make the plants produce very quick 
growth, and this causes the trees to become very weak and tender and very liable 
to be broken down by the wind, as shown in Fig. 32. 

The result of an experiment on the manuring of rubber trees in Ceylon, which 
was carried out by Mr. E,. M. Eckert, Vincit, Ruanwella, showed the good effect of 
a rational manuring, which consisted of — 

Table IX. — Showing Ingkedients of Rational Manuee foe a Rubbee 
Plantation and the Chemical Composition of the Mixtuee. 



Chemical Composition. 

Ingredients. 

Potash, 

Phosphoric 

Acid. 

Nitrogen. 

20 per cent. Castor cake 'j 

10 ,, Rape cake / 

... 


1-8 

; 10 ,, Crushed fish 

... 

OA 

0*6 

' 10 ,, Bloodmeal. 


0-1 

1-3 

20 ,, Bonemeal . 


4-0 

0*8 

30 ,, Muriate of potash 

ii 



100 ,, contains 

15 

4*5 

4*5 


Tliis gives a well-balanced manure, which produces a very healthy plant. 
But quite a different result ensues from injudicious manuring in a case of a 
tree manured by a mixture containing — j . 
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Table X. — Showing the Composition op a Defective Manube for a 
Rubber Plantation, with Chemical Composition of the Ingredients 
AND OF the Mixture. 



Chemical Composition. 

Ingredients. 

Potash. 

Phosphoric 

Acid. 

Nitrogen. 

25 per cent. Castor cake\ 

15 j, Rape cake / 



2-4 

20 ,, Crushed fish 


0-8 

1-2 

10 „ Bloodmeal . 


0*1 

1*3 

20 ,, Bonemeal . 

10 „ Muriate of potash 

*5 

40 

0-8 

100 ,, contains 

5 

4*9 

5-7 


This mixture contains a higher percentage of nitrogen and a lower percentage of 
potash, with the result that the tree is in a very weak- wooded condition, the stem 
being much bent owing to the growth of a heavy top with too much leaf -growth. 
But the result of this experiment was further demonstrated in 1906, when the same 
characteristics were shown. When the rubber trees are manm'ed with mixtures 
containing a large percentage of potash and a small percentage of nitrogen, the 
trees are all in a good, healthy condition, whilst the result of the application of 
manure containing a large percentage of nitrogen and a small percentage of potash 
is that the tree has been broken down by the wind and thus destroyed, owing to 
the tenderness of the wood, due to the too strong application of nitrogen and the too 
weak application of potash (Fig. 32). The above gives a good illustration of the 
effect of a too high proportion of nitrogen ; but, nevertheless, nitrogen cannot be 
allowed out of a manurial mixture, as the potash, phosphorie acid, and lime without 
nitrogen do not appear to have their full effect, owing to the deficient leaf-growth 
of the tree. Phosphoric acid is also essential in a manurial mixture, as it is found 
to be beneficial in not allowing an excess of leaf-growth, but potash appears to hold 
the most important relation to the rate of growth of the trunk and branches, 
provided it is accompanied with sufficient supplies of phosphoric acid and lime, and 
a reasonable quantity of nitrogen to induce free growth and the absorption of the 
three inorganic ingredients above mentioned. Now comes the question of the form 

Table XI. — Formula for Manure for Rubber Plantation on Land 
Rich in Nitrogen and Good Leaf-growth. 





Chemical Composition. 



Ingredients. 



Phosphoric 

Acid. 




Potash. 

Nitrogen. 

28 per 
25 

cent. Muriate of potash (50) 

,, Superphosphate (18) . 

14 


4*50 

6 *-2 

20 


Bonemeal (28/1) 



5*60 

17 


Oilcake 




1-3 

10 


Sulphate ammonia 




1*6 

100 


contains 

14 


10*1 

3*1 


400 to 800 lb. per acre to be applied. 
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in which the manures should be employed. Nitrogen can be employed in the 
organic form, as fish guano, btoodmeal or oil cake, or inorganic as sulphate of 
ammonia. 

Phosphoric acid can be employed in various forms, such as superphosjjhate or 
basic slag, but on soils that are deficient in organic matter bones are useful. 
Potash may be employed in the form of muriate or sulphate, and in many cases 
muriate seems to have the best results in the dry climates. The mixture given in 
Table XL is suitable on land rich in nitrogen and where there is a good leaf-growth ; 
moreover, the superphosphate supplies both lime and sulphuric acid to the soil in 
addition to phosphoric acid. 

On land which is very poor the following mixture is to be recommended : — 
Table XII. — Formula for Manure for Rubber Plantation on Poor Land. 




Chemical Composition. 


Ingredients. 

Potash. 

Phosphoric 

Acid. 

Nitrogen. 

20 per cent. Muriate of potash (50) 

10 



30 

,, Superphosphate (18) . 


5-4 


10 

,3 Bonemeal (28/1) 


2-8 

0-1 

24 

,, Sulphate of ammonia . 



4*9 

16 

,, Oil cake (6) 



VO 

100 

,, contains . ... 

io 

8-2 

6*0 


400 to 700 lb. per acre to be applied. 


When to apply manures , — The next question is, When is the best time to apply 
these manures, and the method of applying them'? Artificial manures should not 
be applied during heavy rains or just previous to the rainy season, as if then 
applied there is considerable loss due to drainage. 

Mode of applying manures — Cattle manures. — The manures can be sprinkled 
round the tree at a distance of from 1 to feet from the stem for each year of the 
plant’s growth, and then thoroughly forked into the soil, or, in order to secure the 
manure not being washed away, a shallow trench may be cut round the tree, and 
the manure forked therein, and the surface soil then replaced. Another point with 
regard to the manuring of rubber is, there is a very large advantage to be obtained 
by green manuring, whilst the use of litter and cattle manure is also of the 
greatest advantage. The cattle manure has a twofold effect, and that is, besides 
acting as a direct manure, it is also of very great influence in ameliorating the soil, 
and also the acids which ai’e farmed are of great benefit in making the insoluble 
salts soluble in the soil and thus more readily taken up by the plants. The chief 
thing to take into consideration about farmyard manure is that in tropical countries 
it is very scarce, and with the supply available it is best applied to other crops than 
rubber, and for this crop only to apply artificials, with frequent green manuring. 

Green manuring. — The value of green manuring is very great, but the fullest 
advantage is only obtained by it being supplemented by an application at the time 
of ploughing in of potash and phosphoric acid. For this purpose the potash is 
best applied in the form of muriate, and the phosphoric acid either as superphosphate 
or basic slag. 

The following mixture should be employed at the time of green manuring ; — 
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Table XIII.— Showii^g Composition and Analysis of Chemical Manxjee 

TO BE APPLIED IN CONJUNCTION WITH GeEEN MaNUEING. 



Chemical Composition. • 

Ingredients. 

Potash. 

Phosphoric 

Acid. 

Niti'ogen. • 

34 per cent. Muriate of potash 

44 • Superphosphate . 

17 

f*9 


22 ,, Bonemeal . 


6-2 

6*2 

100 ,, contains 

17 

14-1 

0-2 


Of the above mixture 600 to 900 lb. per acre can be applied. 


If the above points are attended to, and a liberal supply of potash, phosphoric 
acid, and nitrogen given, with periodical applications of green manuring, very 
successful results and profitable returns can be obtained in the cultivation of 
rubber. (Tor further particulars as to plant chemistry and the scientific use of 
manure, see Agricultural Chemistry^ by Ingle (Scott, Greenwood, & Son.).) 

Rubber plantations in Ceylon. — From an official British Colonial Report for 
the information of those studying the Ceylon rubber exhibits at the International 
Rubber Exhibition at Olympia 1908, it appears that — 

It was not until 1876 that a commencement was made of Para rubber cultiva- 
tion in Ceylon. In this year, 2000 seedlings were sent out from Kew to 
Peradeniya, one of the Ceylon Government’s experimental stations. These plants 
had been raised from seed obtained by Mr. Wickham from South America. At 
the beginning the plants were first propagated from cuttings, but when they began 
to ffower, and seeds became available, the earlier method was naturally dropped. 
In 1883, over 200 seedlings were raised from seed obtained from the original plants, 
and in 1884, about 1000 seedlings were grown, the whole being distributed to 
planters and officials throughout Ceylon. From the 500 original trees which came 
to maturity, the seed supply has risen from 200 seeds in 1883, to about 200,000 
at the present time. Much of this rubber has been planted throughout tea, 
and a fair amount of the remainder is interplanted with cocoa and other 
products. For instance, in the Kalutara district up to the end of 1906 there 
were about 20,000 acres under rubber; of this, however, only 9000 acres 
were under rubber alone, the remainder being interplanted with other products, 
chiefly tea. 

Exports of rubber from Ceylon. — The following figures, showing the exports of 
rubber from Ceylon, are taken from tables complied by the Colombo Chamber of 
Commerce : — 

Table XIV. — Showing Expoets op Rubbee from Ceylon, 1903-1907. 


Y ear. 

Lb. 

Year. 

Lb. 

1903 . 

41,798 

1906 . 

327,661 

1904 . 

77,212 

1907 , 

556,080 

1905 . 

168,547 




This crop is, of course, only derived from a very small proportion of the rubber 
already ] 3 lanted. Taking the age at which a rubber tree can be tapped at six years, 
it will be ‘seen, on comparison with the figures given on another page, that the 
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output for 1907 was derived from not more than 4500 acres. The planted area 
in Ceylon at the i^resent time is almost forty times as large as this, so that in six 
years it would be safe to put the export at a very much higher figure than the 
amount given for 1907. 

Climatic conditions. — In its native home, the Para tree grows from the sea 
level up to a fair elevation on the highlands. The rainfall is usually between 80 
and 120 inches, and the mean temperature between 76° and 81° F. Although the 
Para tree has shown itself to be adaptable to a considerable degree, it is only a com- 
paratively limited area of Ceylon that seems to be suitable for its cultivation, as 
elevation and rainfall has to be taken into account. In a recent Surveyor-Generals 
report it is stated that rubber is being successfully grown under the following 
conditions : — 


Tablk XV. — Showing District Elevation and Rainfall under 
WHICH Rubber is being successfully Cultivated in Ceylon. 


District. 

Elevation. 

Rainfall. 

Galle . . . 

48 feet 

91 inches 

Kalutara 

200 „ 

150 „ 

Passara 

2800 „ 

89 „ 


Wright states that in Ceylon an elevation of 2000 feet in the Central Province, 
and 3000 feet in the Uva Province, is considered near the maximum, and a rainfall 
of 70 near the minimum, for the cultivation of this species. 

The planting of rubber in Ceylon. — ^The following are a few brief notes on the 
planting operations in connection with rubber cultivation : — The forest is cut down, 
and when dry is burned. Drains are then cut, the number and distance depending 
upon the land. Holes are then dug. If feet deep by 2 feet by 2 feet being considered 
good, the axiom being that the larger the hole the better the plant, the plant re- 
sponding to generous treatment. The distance between the holes depends upon the 
planter's idea of wide or close planting. Para trees are grown in Ceylon from 
10 feet by 70 feet to 20 feet by 20 feet. The average, however, is about 180 trees to 
the acre. The seeds are either planted out as soon as they have germinated in the 
nursery, or they are allowed to grow there until they have attained a fair size, and 
become what are known as stumps. A still better method is to grow the seeds in a 
rough basket in the nursery. When the time for planting-out comes, the basket is 
put in the hole with the seed, and there is thus no interruption of root growth. 
Planting-out operations should, of course, only be conducted when rain is plentiful. 
As a general rule, all planted rubber is fenced in order . to protect it from the 
attacks of animals. As soon as the rubber is planted, the planter’s main duties are 
to see that any vacancies are supplied, and to keep the ground free from weeds, 
which would interfere with the growth of the young rubber. Weeding is a com- 
paratively expensive operation, and many planters prefer to reduce the expense by 
the cultivation of some other product between the lines of the rubber trees. In 
most districts where the cultivation of cocoa is possible, this product is the favourite, 
as not only is it profitable, but it seems to last for a much longer time when, the 
shade of the rubber has grown dense. Ground nuts, chillies, lemon grass, pepper, 
gingelly, etc., are also being tried for the same reasons. Granted favourable con- 
ditions, Para rubber will grow 6 to 10 feet in height per annum for the first three 
or four years. In girth, the increase is about 4 to 5 inches per annum for the first 
few years, afterwards increasing more rapidly. Some of the old trees in Ceylon, 
about thirty years of age, have a circumference of over 100 inches, and are 
about 80 feet in height. These trees were not grown under the most favourable 
conditions. 

Tapping the rubber tree in Ceylon. — ^When the tree attains a circumference of 
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20 iEches at a yard from the ground, which is more often than not in its sixth year, 
Upping is commenced. To speak of the various systems of tapping there is no 
space available. All are based upon the one main fact, that between the outer bark 
and the wood there exists an inner bark provided with a system of latex tubes. 
When one of these tubes is pierced, the latex milk, or sap, exudes. These latici- 
ferous tubes are very minute, and in the Para tree the latex may approximately 
be said to exude only from the tube incised, or at the most from its near neighbours. 
It is, necessary, therefore, in order to get a good yield of rubber, to pare off each 
year as much bark in thin shavings as the tree will stand, economy of bark, however, 
in comparison with the yield, having to be taken into account. Roughly speaking, 
it may be said that the bark of the tree up to 6 feet from its base is divided up into 
four parts for four years’ tapping. The simplest method is the “haff-herring 
bone.” A vertical channel is cut down the tree in order to convey the latex 
to the cup at the foot of it. Two or more oblique cuts are made a quarter round 
the tree and connecting with this channel. Every alternate day a thin shaving is 
taken off the bottom of each of these cuts, and so on until the bark between 
the cuts is all used up. Then the other side of the vertical channel, is begun upon, 
and when that is finished the operation is repeated on the other side of the tree. 
The bark grows again fairly rapidly, from above downwards, and from inside out- 
wards. Although the renewal of the bark does not take long, it is some time, 
however, before the latex tubes are rich in latex, and for this reason, generally 
speaking, the renewed bark is left untouched for four years, when it has been found 
to yield as well as the original bark. The greatest care has to be taken not to 
touch the cambium or wood of the tree, as this not only injures it, but also makes 
the surface irregular, so that tapping is difficult, or in bad cases impossible. In order 
to avoid this, many tapping knives have been invented, some of which have met with 
a fair measure of success. 

TJm preparation of rubber in Ceylon — Coagulation . — The latex, as it exudes 
from the tree, is in the form of a white milky fluid. Upon standing, however, or 
by the addition of acid, it coagulates ; that is to say, the rubber globules separate 
out from the rest of the liquid, and, uniting, form a jelly-like substance, sufficiently 
firm to be handled. Biscuit rubber . — At first, this coagulation was done in dairy 
pans, and the resulting ‘‘ biscuit ” of rubber (so called from its shape) was washed 
by hand, and put upon wire shelves to dry, a process which took considerable time. 
Cr^pe rubber. — Now, however, on most of the larger producing estates, the co- 
agulated rubber is put into a washing machine, consisting of a pair of very heavy 
corrugated cylinders, revolving at different speeds ; an ample supply of water is 
poured upon the rubber as it goes through the cylinders, which is drawn into the 
finest films in the process, the operation being continued until the rubber is 
thoroughly washed, and free from all grit, bark, or other impurities. The rubber 
coming from the machine in the form of a thin sheet, with numberless corrugations 
on its -surface, is then hung up in the drying-room, and, owing to its thinness and 
great surface’ exposed, dries very quickly, and comes on the market in the form of 
“ cr§pe.” Other forms of cultivated rubber are “sheet,” “smoked sheet,” and 
“ block.” 

Cost of rubber cultivation in Ceylon. — Ceylon has long been famous for its 
labour. Not only has it a native population available for a proportion of the work 
done on the estates, but it has also the valuable supply of labour from Southern 
India to drawn upon, and in the past this has formed the main source of supply. 
"With this and the favourable soil and climatic conditions, Ceylon is eminently 
suited for the growth of rubber. From estimates made by well-known planters in 
1905, it would appear that, exclusive of the cost of land, the expenditure required 
to plant and bring to maturity an acre of rubber amounted to about £20. Since 
then, however, advances have gone up, contract rates have increased, and planters 
are spending more on clean weeding than was then thought necessary. It would 
be safe, however, to put the cost at £25 per acre on a well managed estate of a 
fair size. This would include everything except the land, the price of which varies, 
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but will certainly not average more than £5 per acre ; or, say, .£30 in all, up to the 
end of the sixth year. 

The yield of rubber in Ceylon , — The yield of rubber from indi vidual trees varies 
enormously. The average per acre for trees of the same age, however, is fairly 
constant, and, futhermore, the yield per acre is the safest method of calculating 
possible returns. From the results published in companies’ reports, official reports, 
and the literature on the subject, it is evident that, provided the climatic conditions 
and soil are suitable, a yield of 100 lb. per acre by the end of the seventh year can 
be safely reckoned upon, while the eighth year will give 150 lb., and the ninth year 
200 lb. per acre, and so on increasing as the trees grow older. Practice has shown, 
of course, that in most cases a large yield can be got from rubber in its sixth year, 
and even earlier, so that the figures given can be taken as conservative. The cost 
of collecting, preparing, and selling this rubber, including all fixed charges, is now 
known to be about Is. 8d. per lb., with a great probability of a decrease. The 
price of plantation rubber in London to-day is about 4s. 2d per lb. This leaves 
a margin of 2s. 6d. per lb. net profit. Upon these figures, therefore, it would seem 
that the initial expenditure of £30 would be covered by rubber obtained in the 
seventh and eighth years, and that in the ninth year the investment would yield 
over 80 per cent. These calculations are based on rubber at the present price of 
4s. 2d. per lb., but the fluctuations in value during the past few years have been 
considerable, as shown by the supplement giving the price obtained for rubber from 
1861 to 1903. Since 1903, the rubber market has been subject to the same causes 
as affected nearly every other crude material. The financial crisis in America in 
the autumn of 1907 resulted in not only a cessation of the American demand, but 
alsp in a large quantity of their purchases being thrown upon the market, with the 
result that rubber fell to 2s. 9d. per lb. Since then, however, it has steadily 
improved, until to-day (1908) it is worth 4s. per lb. 

Guayule rubber , — The very partial success of Castilloa plantations in Mexico 
rendered the appearance of a new plant from which rubber could be extracted by a 
chemical process highly welcome. Guayule rubber cannot certainly compete with the 
good sorts of rubber, but it can very well be mixed with them. It is a rubber of 
medium value. This rubber has been known for a long time, especially in the 
State of Durango. It was Father Negrete, the Jesuit, who made its value known, 
eighteen years ago. The Guayule, Parthagenium argentatum {Synantherea 
mexicana), is a tree from 8 to 40 inches in height, which flowers in October. 
Its wood is used as fuel, for which purpose it is very good. It dies after a life 
of fifteen years. This plant bears several names, such as Guayule, or Hayule (hule 
means rubber in Indian) ; in the State of Durango, it is called Yerba de Hule, Yule 
in the northern parts of San Luis de Potosi, and Jiguihite near Saltello. Moreover, 
it is sometimes confused with a medicinal plant called Yerba del Negra. There 
is a mistake also as to the extent of its distribution, which is not very consider- 
able, ^ The districts of Chihuahua, the north parts of Zacatecas and of San Luis de 
Potosi, the east of Durango, produce the most. It lives more especially at altitudes 
of 900 to 1700 metres above sea-level in any soil rich in lime. It springs up in 
sparse tufts or continuous tracts. Its distribution per acre is therefore difficult to 
ascertain. The plants weigh 100 grammes (say 3J oz.) to 3 kilos. (6*6 lb.) per stock, 
with an average of 500 grammes (IT lb.). There is on an average 500 to 800 
kilos, of plants per hectare (say 440 lb. to 7041b.) per acre. Altogether one may 
count on 70 square kilometres (43,400 square miles). Latex does not exist in the 
bark of the Guayule as in the Euphorbia or the Ap)ocynacecB. The rubber is found 
dissolved in the cellular sap of the wood and the bark. It is not i 3 resent in the 
leaves, nor in the fruit ; the wood yields less rubber than the bark, but gives a 
purer product ; the ratio of the two quantities is as 7 to 2. The bark also contains 
aromatic balsamic bodies, and sometimes a noxious gummy product, which flows 
in drops over the surface of the shrub. This product diminishes the value of the 
Guayule. The plants are allowed to dry in the air for some days, so as to be able 
to crush them. They j^roduce generally 44*5 per cent, of bark, 47 per cent, of 
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wood, and 8 per cent, of leaves. Fifteen pesos (say 31s. 3d.) are paid for a ton of 
Guayule. But the price varies with the situation of the country or the factories. 
Guayule is transported in trusses by rail. 

Extraction processes , — There are several of these. Bergner, Mexican Patent 
2147, 'crushes the j)lant in a Krupp disintegrator, then in a mill with balls until all 



the wood is separated, and the rubber forms balls with the remaining wood. 
These balls are placed in a steam jacketted iron vessel. During boiling some soda is 
added, but that is not absolutely necessary. The whole is then run into wooden 
vessels, where the rubber is washed with cold water. It is afterwards sifted in a 
sieve with a false bottom. The rubber is again washed with soda and precipitated 
by chloride of calcium, possibly injurious owing to the action of the free chlorine on 
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the rubber. The methods by which the finely ground wood is treated by steam 
are more simple. Soda ley, of 10“ to 12“ B., is used with a pressure of 6 to^ 14 
atmospheres Q), The soda is neutralised by weak acids. Possibly, the American 
factories use carbon disulphide for this extraction. The rubber obtained by 
the ordinary method is black on the surface, and grey in the interior. Its drawback 
is that it contains 27 per cent, of gummy or aromatic substances, which i^ender it 
tacky. Guayule is easily vulcanised ; its unpleasant smell comes from the aromatic 
bodies which it contains. At Jimulco, this rubber has been so much improved 
that there are only 1 0 to 1 5 per cent, of substances present other than its water. This 
variety sells at 5s. the kilo. (2s. 3d. the lb.) instead of 3s. per kilo. (Is. 4d. the lb.), the 
price of the former. Rubber which only loses 5 per cent, on washing is worth 
7s. to 8s. the kilo. (3s. 2d. to 3s. 7d. per lb.) in Great Britain or Germany. The 
plant produces according to its humidity 8 to 12 per cent, of crude rubber, say 
6*8 to 10 per cent, of good caoutchouc. A factory to produce a ton a day of Guayule 
rubber would require to treat 10 to 14*86 metric tons of plants, which would 
require 16*7 to 23*8 hectares (40 to 60 acres) to exploit per day, say 6*012 to 8*588 
hectares annually (say 15,000 to 21,473 acres). The difficulties of such an under- 
taking are evident, especially when the factory is far from the spot of production. 
Asses are the animals best adapted for the transport of the raw material. The 
ton of Guayule shrubs transported by them costs 4*97 to 5*80 pesos (say 10s. 6d. 
to 12s.) for a journey of 20 kilometres (12*4 miles). The want of water for the 
recovery of the rubber is a cause of much anxiety. The selling price of Guayule 
is low. It may be taken that the 75,000 square kilometres producing Guayule 
will only yield 26,250 to 37,500 tons of rubber. It is therefore desirable to 
cultivate these plants, and cheap land lends itself to this admirably. It is not 
known how long the seed of Guayule takes to develop. In eight to ten years the 
plants reach their average height, ‘but young plants also yield rubber. One can 
reckon on 200 grammes per plant as weight after six years, and 4000 kilos, (say 4 
metric tons) of plants per hectare (say 1 *6 tons per acre). Whether the rubber from 
cultivated plants will be the same as that from the wild Guayule remain to be 
seen. Guayule has the following good points : — 1. It is not exacting as regards soil 
or hurhidity. 2. It grows in a more healthy climate than the Tropics. 3. It 
may be cultivated all the year round. 4. Its culture gives reason to hope for 
profits. As some parts of South Africa have an analogous climate, it is desirable 
not to lose sight of this plant. 

Funtvmia elastica {Kickxia africana^ formerly so called). — A new rubber plant 
came all at once into prominence in the colony of Lagos in 1894, namely, a hand- 
some tree, locally known as Ire, Ireh, or Ereh, belonging to the same natural 
order as the Landolphias. It was erroneously determined from data accumulated 
at Kew to be Kichxia africana^ Benth., a tree said to be widely distributed in 
West Africa from Sierra Leone to the delta of the Niger, the island of Fernando 
Po, and the Gaboon. It is believed, says Morris, that rubber was first obtained from 
it on the Gold Coast in 1883. In 1888 seeds of it -were introduced to Europe as a 
substitute for Strophanthus seed, and stated to be worth 72 s. per lb. They were 
called “ indiarubber ” seeds, but nothing further could be obtained respecting them. 
The following extracts are taken from the “Kew Bulletin,” 1890 (pp. 242, 247) : — 

“In September 1894, Kew received from Captain Denton, C.M.G., two pieces 
of the trunk of the Lagos rubber tree, each about 10 inches to 1 foot in diameter, 
scored with the marks of the rubber gatherers. They were sent as the ‘ female ’ 
rubbertree, a name, we learn, that is locally applied to the Kickxia africana^ Benth. 
It is thus distinguished from Molarrhena africana, quite a different plant, which is 
fancifully called the ‘ male ^ rubber tree. The latter is also an Apocynaceous plant, 
but not known to yield any rubber. 

“ In tapping the trees the bark is first cut in a vertical direction from the 
bottom to the top. This single line is about J to -| of an inch broad, and deep 
enough to reach the inner bark. This forms the main groove ; on each side of this 
two series of oblique grooves about 2 feet apart are cut, each running into the 
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main groove. The side grooves are made, beginning at the top, and gradually 
reaching the base of the tree. All the milk exuding from the lateral grooves will 
find its way into the main groove, and so ultimately reach the bottom, where a 
vessel is placed to receive it. [This is the herring-bone system of tapping.] When 
sufficient milk has accumulated, it is then collected and made into rubber. 

“The methods adopted for coagulating the milk are then described. These are 
at present of two kinds, namely, ‘ the cold process ’ and ‘ the heat process.’ The 
cold process is chiefly practised by the Fanti men introduced from the Gold Coast. 
A cavity is excavated in the trunk of a fallen tree so as to form a cistern of the 
capacity necessary for holding the milk collected during several days. Into this 
the rubber gatherers pour the milk, after straining it, from day to day until it is 
quite full. It is then covered with palm leaves and left for twelve to fourteen days, 
and sometimes much longer, depending on the season, until most 'of the watery portions 
have either evaporated or sunk into the wood. After being kneaded and pressed 
together, the rubber thus obtained has a dark brownish colour, with the inner 
portions of a slightly lighter colour. Such rubber is known locally as ‘ silk 
rubber.’ The local price is from lOd. to Is. 2d. per lb. The heat process is 
the one generally adopted by the natives of Lagos. This is much simpler in 
working, as it disposes of all the milk collected at the close of each day. After 
being strained the milk is placed in a vessel and boiled. The rubber begins to 
coagulate almost directly the heat is applied, -and after the boiling is over is 
removed in a somewhat sticky condition owing to being burnt, and of a blackish 
colour. The local price of this rubber is from 9d. to Is. per lb. It is pointed out 
that the heat process, though simpler, impairs the quality of the rubber, and is 
calculated to injure the industry. It is probable that if the heat process were some- 
what modified the results would not be so injurious. An experiment was tried at 
the Botanic station to coagulate the milk by heat but not applied directly to it. 
The result was much more satisfactory. The rubber came off a milky white colour, 
and after being pressed it was clean and firm without being sticky. The history 
of this new rubber industry in Lagos is full of interest, and illustrates the wonder- 
fully rich resources of the vast forests of West Africa. It shows also very clearly 
how largely these resources can be developed by judicious and intelligent action on 
the part of the government. 

“ Should the new rubber Kichxia continue of commercial value, there is no. doubt 
that it will eventually be possible to establish regular plantations, and thus make 
the industry a permanent one. It has always been seen that, owing to the climbing 
habit of the species of the Landolphia, which have hitherto yielded African rubber, 
it was not practicable to cultivate them in regular plantations, as they required the 
support of other plants, and when once tapped, many years would have to elapse 
before they would be fit to yield another crop. With the Kickda these practical 
difficulties disappear. According to Chalot, Kichxia africana has been found 
lately in Gaboon. Specimens have been measured 1 metre in circumference and 
12 to 15 metres high. Each tree is estimated to yield annually without any injury.’^ 

But the Kew authorities were apparently in error in their botanical determination 
of this rubber tree, for Wright, Cantor Lectures, 1907, says 

“ Funtumia. This genus has lately become known as a source of rubber in Africa. 
It is still much confused with the genus Kichxia, and it is as well to again point out 
that Africa does not possess a single species of Kichxia of value as a rubber-producing 
plant. The four species of Kichxia acknowledged by Stapf. are found only in J ava, 
Celebes, Philippine Islands, and Borneo. The genus Funtumia is partly African, 
and is represented by three species — F, elastica, Stapf., F, africana, Stapf., and 
F. latifolia, Stapf. The species of importance as a source of rubber in Africa is 
F. elastica, Stapf. Its occurrence has been recorded in Liberia, Gold Coast, Ashanti, 
Lower Nigeria, Cameroons, Mundame, French Congo, Congo Free State, Uganda, 
etc. The rubber from this species is very valuable, possessing when properly 
prepared from 80 to 90 per cent, of caoutchouc. Funtumia elastica has been described 
as a tree with a cylindrical trunk which attains a height of 100 feet ; sometimes the 
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tree occurs more abundantly in local areas, and out of an area of about 54 square 
miles as many as 1,760,000 trees have, as j)i*eviously stated, been estimated to occur. 

Bnbher in Cochin {India ). — Rubber was first j^lanted on any scale in 1905, 
when Mr. K. E. Nicoll obtained a grant of forest land at Palapilly, behind the 
Government teak plantation. " This was a well-situated block, at the foot of the 
hills, with the Chemoni River running through the centre. Some 40 acres were 
opened in 1905 ; and later on, in the same year, Mr. E. G. Windle, on behalf of a 
syndicate, took up an adjoining block of forest now called Puclukad. In 1906 
there were some 300 acres opened on each place, and in 1907 the balance of the 
land was opened, Pudukad being in all some 650 acres, and Palapilly nearly 500, 



Fig, 34, — Two and three-quarter years old Para trees, Palapilly estate, Cochin. 

the two 23laces making a fine sheet of over 1100 acres of riibbei'. The conditions 
here are very favourable, the elevation being almost sea-level, rainfall about 150 
inches, and surrounding hills sheltering the basin from wind. As a result, growth 
has been remarkably fine, . and, according to those who have seen both, it may 
challenge comparison with fine Straits growth. The plantations are some eight 
miles by cart road from the Pudukad Station on the Cochin Railway, and about 
twenty miles from the coast. In 1906 also a grant of Government forest, six miles 
from Trichur Railway Station, and lying on the main road from Trichur to 
Palghat, was obtained by E. G. Windle and R. E. Campbell-Gompertz, who opened 
400 acres, and subsequently disposed of the block to the Cochin Rubber Co. Ltd., 
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of Colombo, in whose name the Government title was issued. This consists of 
1000 acres in all, of which 400 acres were opened in 1906, 200 in 1907, and 200 in 
1908, 200 being forest. Elevation and rainfall are much the same as at Pudukad 
and Palapilly, and growth has been excellent. There are, therefore, at present 
some 1900 acres of Para opened in Cochin. Many other applications for land 
have been made, but were refused by the Durbur (Cochin Government), on the 
ground that it had to be seen whether rubber would be successful. There seems 
no room to doubt this now, and it is to be hoped that further land may be available 
to the public for tea as well as rubber. The forest slopes, which are now being 
tapped by the tramway, might reasonably be surveyed with the view of opening 
suitable parts ; there are probably 50 to 100,000 acres which would grow one or 
other of the above products without unduly interfering with forest resources. 

Rubber cultivation in Dutch Borneo, — Borneo with 13,000 square miles is larger 
than Britain, Germany, and Switzerland combined. The interior is more healthy 
than districts somewhat nearer the coast.. Starting from the port of Bandjermasin 
(S*** 22' latitude and 114“ 38' longitude), going into Negara andTabalong, Tandjong 
is reached at 230 kilometres from Bandjermasin, where there is virgin soil and 
rubber trees which yield Borneo rubber, namely, Fic^is consociato^ and the vines 
WillugJibeia and Urceola. There is not a single Hevea nor Ficus elastica which 
yield wild rubber. The rubber goes to Bandjermasin, the chief port of the south 
and west of Borneo. 

This rubber was formerly adulterated by means of all sorts of detritus, which 
brought it into discredit. The climate is hot. But the heat is not often unbearable ; 
2J metres of rain fall annually. The European can therefore live there. Schram 
of Dresden lived there eight years, and saw no European die there. There is no 
want of cheap labour if their habits be not crossed at every step. Everything 
goes well since private companies have set to work in the country. Trade 
communication is by rivers. Telegraphs and telephone have been in use some 
years, and life there is not one of isolation. Plantation experiments have been 
made in the district of Tabalong and Kaloewa with gutta and rubber trees, 
Palaguiuni oblongifoliwn et borneense, Hevea brazil'iensis^ Ficus elastica^ Castilloa 
elastica. The Ficus elastica appears to succeed best. Plantations are also to be 
found in Martapoere, Kendagan, and Doesoen ; marshy ground is less propitious. 
The Ficus neither fears humidity nor drought; its wood burns badly, an advantage 
against fire. In 1892, “layers” of Ficus elastica from the Botanic Garden of 
Java were planted in the district of Tabalong by a German tobacco company. 
There are now more than 100,000 trees. The propagation of this tree is simple 
and costs little. Its product analysed in Holland and Germany was regarded 
as very good, and it was quoted at 6*8 marks per kilo, in Hamburg in 1903. Its 
culture is therefore assured of success. Weber and Schasr of Hamburg rate this 
rubber as follows : — No. 1, Calces. — Pale, porous, moist inside, pure, resilient, might 
be used for making ebonite; value about 6 marks to 6*3 marks per kilo. No. 2, 
Twits. — Very dry, resembles African twits ; value 8 marks per kilo. No. 2>, Scraps — 
Resembles Java rubber, fresh and white, resilient; value 6*7 marks per kilo. 

The Kolonial Museum of Haarlem gives the following analysis : — 


Table XVI. — Showing the Composition op Ficus elastica Rubber 

CULTIVATED IN BORNEO (HaARLEM KoLONIAL MuSEUM). 


I 

II. 

Pure Rubber 

89*5 

85-6 

Resins 

3*7 

6*4 

Impurities 

0*2 

1*0 
h .A 

Water 

6*6 

/ 0 


100*0 

100*0 



88 


INDIARUBBER 


Dietericli Helgenberg also analysed Borneo Ficus rubber, and found : — 
Table XVIa. — Showing the Composition of Ficus elastic a Rubber 

CULTIVATED IN BORNEO (HeLGENBERG). 



Per cent. 

Moisture 

1*025 

Resin 

4*2 

Ash 

6*514 

Non-rubber 

5*51 

Pure Rubber 

88*56 to 88*72 


It is a good rubber, compared with certain Asiatic rubbers, which have less 
than 30 per cent, of rubber. Van Romburgh and Henriques recommend the 
plantation of the Ficus in Borneo. The oldest trees in a plantation of 5000 tree's 
in Java Pamanocken in Trassemlanden, planted since 1863, yield, according to 
Dinet, 1000 grammes of rubber per tree in 1899 , 1640 in 1900, and 1310 in 1901. 
Van Romburgh also gives some data on this subject. At Tijandi in Bantero, trees 
of twenty-four years old yield 2| kilos, to 3 kilos, per tree. Trees of two to six years 
yield 530 grammes of rubber. According to Van Romburgh, only plants in full 
vigour should be planted. They may be tapped every year after eight years. Collet 
estimates that a five-years-old tree gives 500 grammes of rubber. 

Rubber in the Philippines . — The U.S.A. are making strenuous efforts to 
develop the exploitation of indigenous species (all of which are vines) ; moreover, 
a recent ofiicial report says a species of Para tree is now growing in Manilla, 
and apparently the climate is suitable. The Bureau of Agriculture has distributed 
many Ceara rubber seeds, and the growth of the seedlings is marvellous. 

Much more might be written, did space permit, of the cultivation of rubber- 
bearing trees in tropical lands all round the globe— in the West Indian Islands, 
Dominica, St. Lucia, Jamaica, Trinidad; in Africa, on both the east and west 
coasts ] and in Madagascar, Travancore, Java, Malaya, and other parts of Asia and the 
adjoining archipelago.^ The vast demand for this product has led to innumerable 
experiments, which will probably result in a continuous “ rubber belt ” encircling 
the globe at that part of its circumference which favours the growth of rubber- 
producing plants. 

Gold Goctst rubber . — First exports in 1880, 1200 lb.; in 1890 .they exceeded 
3J million lb. From 1891 to 1900 rubber most iinportant export value in 
1899, J555,731; decade average, ^321,265. But 1901-03 showed marked 
decrease due to Ashanti disturbances and destruction of forest trees by unskilful 
tapping, and to French and German Colonial rubber no longer being shipped 
from^ here, and enticements to labour in mines, cocoa culture, etc. Hence the value 
fell in 1901 to £88,602 (lower than any year since 1899). But rubber — value 
£360,644— in 1904 resumed first place in exports, and if figures for 1905-07 are 
slightly less, and values for output of gold and cocoa exceed respectively 
£1,000,000 and £500,000, the rubber shipped in any one of these years is greater 
than the average for the decade when it was the staple product of the colony. 

Numerous trees planted at government Botanic Stations at Aburi, Kumasi, 
Tarkwa, and near Cape Coast Castle, form nursery centres, and seeds and 
seedlings of Para and various indigenous rubber-producing plants are distributed 
therefrom. ^ Travelling instructors, European and native, educate natives to 
more scientific methods of tapping and preparing rubber for market. Simple 
literature bearing on subject in English and the vernacular has been circulated. A 
Commission of Inquiry recently inquired into details of industry, so as to 
maintain and improve sources of supply, prevent adulteration, and obtain best 
prices. 
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Tlie two principal sources of Gold Coast rubber are (1) Fwntumia elastica (West 
African rubber tree), and (2) Landolphie oivariemis^ both indigenous to Colony. 
(3) The tree Ficus Vogelu^ which furnishes a rather inferior rubber, also occurs 
in Gold^ Coast, but is not now exploited by natives to any extent. Recently, Para 
cultivation has been successful in Colony, and may prove inajportant as future 
source of Gold Coast rubber. 

Gold Coast lump rubbers mostly produced by Funtumia elastica, but from 
defective native collection and preparation are usually inferior. Natives in- 
variably add non-caoutchouciferous latices to F, elastica latex before coagulation ; 
resultant rubber very resinous. Preparation of large lumps deteriorates rubber, as 
it retains rpother-liquor and albumen, usually fermenting in transit ; it also heats, 
becomes sticky, and smells badly. Hence Gold Coast rubbers realise low prices. 
When fine hard Para is 4s. per lb.. Gold Coast lumps is Is. 7d. ; “Softs,’' 
i “Niggers,” Is. 8d. But F. elastica yields excelleht 
rubber if properly prepared. Natives are induced to prepare biscuit rubber, and 
to cease ^ adding other latices. Recently, many* specially prepared samples of 
Funtumia rubber were sent to Imperial Institute for valuation, to show advantages 
from rationally prepared rubber. 


Table XVII. — Analyses op Gold Coast Rubber. 


A 

B 

0 

n 

E 

F 

G 

H 

I 

j 

K 

L 

M 

N 

0 

Moisture 



3-6 

4*7 

3*1 

3*7 

0*6 

0*6 


1*0 


0*4 

0*8 

0-39 

0*57 

Caoutchouc 

84-6 

86-9 

70-0 

72*7 

80*2 

79*2 

88*0 

89*0" 

88*6 

91*3 

90*6 

51*6 

60*6 

95*53 

95*90 

Resin . ^ . 

6-8 

9-1 

9'6 

9*2 

8*0 

7*2 

8*6 

8*r 

8*9 

4*7 

6*2 

44*0 

35*6 

3*90 

3*25 

Proteids . 

8*3 

3-4 

10-2 

10*2 

7*8 

9*6 

‘ 2*3 

1*9 

2*1 

0*9 

0*9 

3*6 

1*7 



Insoluble matter . 



6-7 

3-2 

0*9 

0*3 




2*1 

2*3 

0*5 

1*3 



Ash . 

1-S 

0-6 





0*5 

0*4 

0*4 





0*18 

0*2 


A. By letting Funtumia latex coagulate by air exposure, London value, 
5s. 3d. per lb. — B. Same latex coagulated by -boiling, London value, 4s. 6d. ; Para 
at 5s. 4d. — C, Z>, E, F. Same latex spontaneously coagulated after adding a 
little formalin, London value, 4s. 9d. ; Para at 5s. 2d.—G, H, L Same latex 
coagulated by hot infusion of Bauhinia reticulata, London value of G and H, 
4s. to 4s. 3d. ; Para at 4s. 7d. Of 7, 2s. 8d. to 2s. lOd. ; Para at 3s. 5|d.— 7. Crepi 

Ball imm Landolphia owariensis, London value, 4s.. 3d. to 4s. 6d. ; Para at 5s. 4d. 

K. Pempeni rubber from L. oivariensis, London value, 3s. to 3s. 3d. ; Para at 
3s.^ 5Jd.— 7, M. Ficus Yoc/eli (Inferior). Trials as to technical uses value, 
being conducted for Imperial Institution.— A^, 0, Hevea Braziliensis, London 
value, 4s. 6d. to 4s. 7d. The analysis compares favourably with Ceylon and Malay 
States Para biscuits, and show that the Para tree will furnish excellent rubber 
in the Gold Coast. 
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INDIARUBBER 


APPENDIX TO CHAPTER III 
PARA -RUBBER CULTIVATION 

Official Estimate foe 1000 Acee Estate; 250 Acres to be Opened 

Each Year. 


Expendituhf. . 


1st Yeas. 

Premium 

Survey fees 

Rent 

Clearing, felling, and burning 250 
acres (|16 per acre) . 

Lining, holing, and planting 250 
acres (|6 per acre) 

Plants 

Roads and drains (.^6 per acre) 
Bungalow .... 

Lines 

Medical — Hospital, medicines, etc 
Labour] — Advances, immigration 
fees, etc. 

Superintendence . 

Tools and sundries 

Total 

2nd Year. 

Rent 

Clearing, felling, and burning 260 

acres 

Lining, holing, and planting 250 

acres 

Plants 

Roads and drains . 

Medical .... 

Labour 

Superintendence . 

Tools and sundries 
Weeding 250 acres 
Supplying .... 

Total 

3rd Year. 

Rent ...... 

Clearing, felling, and burning 250 

acres 

Lining, holing, and planting 250 
acres ..... 

Plants 

Lines 

Roads and drains . 

Medical 

Labour 

Superintendence . 

Tools and sundries 
Weeding 500 acres 
Supplying . . 

Total 


I 

3,000 

1,000 

1,000 

3,750 

1,500 

800 

1,500 

2,000 

1,500 

2,000 

1,500 

3,600 

1,000 

24,150 

1,000 

3,750 

1,500 

800 

1.500 
1,000 
1,000 

4.000 
760 

2.500 
_^100 

17 ,"^ 

1.000 

3,750 

1,600 

800 

1,600 

1.500 
1,000 
1,000 

4.000 

1.000 
6,000 

100 


4th Year. 

Rent 

Clearing, felling, and burning 250 
acres ...... 

Lining, holing, and planting 260 
acres . 

Plants . 

Roads and drains 
Medical 
Labour . 

Superintendence 
Tools and sundries 
Weeding 750 acres 
Supplying . 


Total 


5th Year. 

Rent . 

Roads and drains 
Medical. 

Labour . 

Superintendence 
Tools and sundries 
Weeding 1000 acres 


Total 


6th Year. 

Rent 

Roads and drains 
Labour . . 

Medical 

Superintendence . 

Tools and sundries 
Weeding 1000 acres 


Total 


7th Year. 

Rent 

Roads and drains 
Medical . 

Labour . 

Superintendence 
Tools and sundries 
Weeding 1000 acres 


Total 


1,000 

3,507 

1,500 

800 

1,600 

1,000 

1,000 

4.000 

1.000 
12,000 

100 


23,150 


8th and following years as 7th 
year 


27,407 


1,000 

800 

1,000 

1,000 

4.000 

1.000 
15,000 
23,800 


1,000 

800 

1,000 

1,000 

4.000 

1.000 

17,000 

25~80Q 


4.000 
800 

1.000 
1,000 

4.000 

1.000 

17,000 

28,800 


28,800 


With the exception that the cost of weeding gradually decreases till, in the 11th or 12th 
year, it is practically nil. 
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Profits. 


7th Year. $ 

250 acres, planted 150 trees per 
acre, at 1 lb. rubber per tree, 
sold at 3s. per lb. , . .48,214 

250 acres, planted 150 trees per 
acre, at IJ lb. rubber per tree . 72,321 


Total . 120,635 

Less cost of production, shipping, 
etc., of 93,750 lb. at Is. 6d. 
per lb 60,268 


ITet profit . 60,267 

8tji Year. 

250 acres at 1 lb. per tree and 3s. 

per lb 48,214 

250 acres at 1 J lb. per tree and 3s. 

per lb 72,321 

250 acres at 2 lb. per tree and 3s. 
per lb 96,428 


Total . 216,963 

Less cost of production, etc., 

253,125 lb. at Is. 6d. per lb. . 108,482 


Net profit . 108,481 


9th Year. 

250 acres at 1 lb. per tree and 3s. 

per lb 48,214 

250 acres at 14 lb. per tree and 3s. 

per lb 72,321 

600 acres at 2 lb. per tree and 3s. 
per lb 192,856 

Total . 313,391 

Cost of production, etc., 243,750 Ib^ 
at Is. 6d. per lb. . . . 156,696 

Net profit . 156,695 
10th Year. 

250 acres at I 4 lb. per tree and 3s. 

per lb 72,321 

750 acres at 2 lb. per tree and 3s. 
per lb 289,280 

Total . 361,601 

Less cost of production, etc., 

262,500 lb. at Is. 6d. per lb. . 180,800 

Net profit . 180,801 

llTH Year. — — — 

1,000 acres at 2 lb. per tree and 3s. 

per lb. . . . . . 385,710 

Cost of production, etc., of 300,000 
lb. at Is. 6d. per lb. . . . 192,857 

Net profit . 192,853 


And so on each year, annual profit |192,853, with a probability of still increased yield. 
Abstract of Profit akd Loss. 



Expendi- 

ture. 

Profit on 
rubber. 

Net profit . 
on estate, : 


Expendi- 

ture. 

Profit on 
rubber. 

Net profit 
on estate. 

1st year 
2nd „ 
3rd „ 
4th „ 

5 th ,, 
6th ,, 

24.150 
17,900 

23.150 
27(660 

23.800 

25.800 

1 

1 

7th year 
8 th „ 
9th „ 
10th „ 

nth „ 

12th „ 

$ 

28,800 

28,800 

28,800 

28,800 

28,800 

28,800 

$ 

60,267 

108,481 

156,695 

180,801 

192,853 

192,853 

1 

31,467 
79,681 
127,896 
162,000 
164,063 
t 164,053 


Expenditure with interest at 5 per cent, up to end of 6th year, ^168,670 (£20,000). 


Net Profit on* Estate after Deducting 5 per cent. Interest on Capital. 


Net profit. 

1 

Net profit. 

1 

7 th year 

8th ,, 

9th ,, 

22,967 or 13 per cent. 
71,181 „ 42 „ 

119,395 „ 70 „ 

10th year 

11th „ 

143,500 or 84 per cent. 
156,553 „ 92 


And so in future years with a probability of increased yields. 


Abstract of Profit and Expenditure. 


Capital expended 


$ 

£ 

s. 

d. 

168,670 

(19,678 

3 

i) 

22,967 

( 2,679 

9 

8) 

71,181 

( 8,304 

9 

0) 

119,395 

(13,929 

8 

i) 

143,600 

(16,741 

13 

4) 

156,356 

(18,241 

8 

4) 


Profit . 





OHAETEE IV 

PLASSIPICATION OF THE COMMERCIAL SPECIES OE RAW RUBBER 

OMef cW,,.— Tlie different species of raw rabber which come on the inter- 
S according to their geogi-aphical origin, into four 

1. ^}J7erica7i rubbers s 2 cMwuled . 

\, Central American rubbers. 

AfHcan mUers stMivided into -A-fncan rubbers. 

\^East African rubbers. 

3 . Asiatic rulibcTS. 

4 . Oceanic rubbers, 

Orig'm of diffe'i ent design^^tions, Tlie trade has ‘not always given to each of 

ttruamf^f thl^ " T'r soLtimrwt^y 

the name of the province yfh\ch more especially produces it, although the same 

'f countries, and to an equal extent^; sometimes 
y th& poit of shipment, or of the centred market town of the substance. Even the 
shupe IS often put under requisition to design a special brand. 

S?'awds to reappean' in a nm> and better form under a new 

m»is.-Commercial denominations are very variable,^ and some sort well W^to 

T ?" P'*”*’ “■* traotrie.; th. mil. of pSl 

paration has alone changed and necessitated this alteration. A rubber of rennted 
mfenor quality, reappears under a new brand, which raises the price.. But the\bel 

TJie sti^y of eacA commercial sort impracticaUe.—lis> shall not P.Ya.inino each 

toTv mfir variatioL 

to-day might not be correct to-morrow. Incessant progress in preparing the raw 

opposite each var ety the geographi^ origin of the species, its toSSn the 
method of coagulation adopted, wtich is indicated by the abbreviated notation 

The usual port of shipment, when known, is also given, the country or thf marLt 
particularly imports it, the tangible form under which the substance 
comes to market, its outside surface appearance, the texture of its section the 
pecuhar smell often given off by each kind, the frequent adulterations to whii 

merdTvSi'* Fin^rTn th" working, the estimation of its com- 

mercial value, finally, in the remarks column there is mentioned if need he anv 

impOTtant peculiarity for which a place could not be found in the other column ^ 

_ _ No pretence is ma^e of having thereby accomplished a work of rigorous pre- 
cision and exact valuations. Such results are only possible with prodS Inu- 
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factured in a regular, methodical, and almost mathematical manner, i^vln the present 
instance we have to deal with a substance which is the product of the isolated 
efforts of individual workers, one of whom is more indolent, the other more active ; 
one more honest, the other more cunning and less scrupulous ; the one follows the 
old routine, the other more of an innovator, and more especially an observer. The 
result of all this is an infinite variety in the production of each sort, which renders 
this classification extremely difficult. However- maperfect it may appear to be, it 
enables one to encompass with a single glance of the eye the generality of the 
indiarubber products, with the essential characters of each variety, a.nd to give an 
exact enough idea of the present production. 


[Table. 
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SYNOPTICAL TABLE OF THE DIFFERENT VARIETIES 

I 

I. Amekioan Rubbeks — 


Coiiiraercial 

Denomination. 

Geographi- 
cal Origin. 

Botanical 

Origin. 

Method of 
Coagula- 
tion. 

Port of 
Shipment. 

Commercial 

Market. 

j 

Packages. 

Usual Commercial 

Size and Shape. 

Para. 

(1st 15n. Sining-a 
fina, the native 
JBotracha, up- 
river hard cure ; 
and Para Fine 
Islands, soft 
cure). 

Amazonia 
(Brazil). 
Similar 
rubber is 
obtained 
from Peru, 
Bolivia, and 
Venezuela. 

Hevea 
(various 
species) : 
■H, JBrazili- 
ensis, 
lutea, 
bentham- 
rana. 
panajlora. 
Micrmidra. 

la I. 

pp. ^Oetseq. 

Para 

(Belem), 

Manaos. 

Liverpool, 

London, 

Havre. 

Oases of 
130 to 140 
kilos. (286 
to SOS lb.). 

Formerly came to 
market in the shape of 
little figures, bottles, 
pears, shoes. 

Now as cakes and 
biscuits. 

The Lower Amazon 
cakes smaller, 3 to 5 
kilos. (6| to 11 lb.). 

The Upper Amazon 
cakes larger, 10 to 15 
kilos. (22 to 33 lb.). 

Para 

(i- fin. Entrefin 
Grossa). 

id. 

■id. 

Mixture of 

1 a I. and 
1/3111. 
pp. 45 et seq. 

id. 

id. 

id. 

id. 1 

Para Sbrnamby 
(Neg'roheads), 
Cabeca de Negro. 

id. 

id. 

id. 

id. 

id. 

Cases or 
barrels of 
200 kDos. 
(say 4 cwt.). 

Sometimes in the shape 
of rather big blocks, but 
more often in irregular 
.shaped lumps of about 
the size of the fist, and 
agglutinated by tight 
packing. 

Virgin Sheets 
(W hite Para). 

Province 
of Matto 
Grosso 
(Brazil). 

Hevea, 

S€. 

pp. 49 et seq. 

Manaos. 
That from 
north 
shipped 
from Para. 



Cakes in the shape 
of parallelopipedons of 
various dimensions. 

Large-sized cakes with 
sharp regular edges are 
generally 0*60 metre in 
length by 0*30 metre in 
width by 0*16 metre in 
thickness (24 x 12 x 6 in.). 

The small cakes are 
about half this size. 

Mollbndo. 

Bolivia. 

id. 


Mollendo. 




Cbara Scraps. 

Province 
of Oeara 
(Brazil). 

3ranikot 
GrlaziowU 
(Manisoba 
or Leitera). 

1 /3 III. 
pp. 46 and 
54 et seq. 

Ceara. 

id. 


1 The milk coagulates as 
tears on the trees. 

Small strips or net- 
works of tears agglome- 
rated into balls, some- 
times of considerable 
size, and which, when 
packed fresh, eventually 
amalgamate together to 
form blocks weighing as 
much as 150 kilos, (say 

3 cwt.). 
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OF COMMEECIAL CRUDE INDIARUBBER. 

(1.) SOTTH AmEKIOA. 


Skin or 
Coat, 

Section. 

Smell. 

Adulteration. 

Loss in 
Industrial 
Use. 

Valuation. 

Observations. 

Dark brown 
inclining tc 
black. 

, The colour of th< 
section in the direc 
tion of the thickness 
from the outside tc 
a depth of 1 centi 
metre, say % of an 
inch, is changed by 
insensible grada> 
tions to a slightly 
amber-tinted white, 
the general tone of 
[the rest of the sec- 
tion perpendicular 
to the first. 

Apparent folia 
or pellicles tell the 
origin Of this rubber. 
New cakes sub- 
divide under the 
thumb into as many 
pellicles as there 
have been super- 
imposed layers. 

Slightly 
smoky, fron 
, the method 
ofpreparin 
the rubber. 

’ Little or nc 
1 extraneou. 
matter. 

1 Humidity vari 
able, according 
to date of col- 
lection. Some- 
times adulter- 
ated by an ad- 
mixture of the 
latex of Mlmu- 
sops elata, Mar- 
candamba. 

10tol5%. 
[12 to 18, 
Weber.] 

Sensitive anc 
elastic par ex 
cellence. Besir 
in dry w^ashed 
rubber, 1*3 % 
ash, 0-5%. 

The cakes of Para 
rubber often bear the 
hollowed-out initials of 
the producing factories 
(called the brand, as in 
the case of indigo). 

Collected during the 
dry season— end of June 
to middle of October. 

During the rainy 
season the latex is too 
poor in rubber. More- 
over, the collectors could 
not work on account of 
bad weather. 

BormcAa arrives abun- 
dantly on the Brazilian 
markets from the end 
of July to the end of 
December. 

Parafin is the standard 
against which quality 
all rubbers are valued. 

id. 

Exhibits quite 

different character- 
istics from Pcbmfin. 
The method of co- 
agulation explains 
this difference. The 
portions evapor- 
ated without being 
smoked are of a 
dirty white, whilst 
those that have 
been smoked are 
amber brown.i (See 
Observations.) 

Odour less 
pronounced 
than in the 
p r e 0 e d- 
mg variety. 

Smell of 
me thyla- 
mine. 

Few foreign 
bodies. More 
moisture than 
the above. 

15 to 20 X. 

Less sensitive. 
Resin, 2*5 % ; 
ash, 0*6 %. 

1 Dirty milky-white is 
always a sign of mois- 
ture, due either to the 
latex itself or the serum 
being imprisoned in the 
rubber. Horny trans- 
parency is, on the con- 
trary, a sign of good 
quality. This variety is 
only met with on the 
market in small quan- 
tity. 

Blacker 

and 

rougher 
than fine 
Para. 

Yellowish white, 
marbled with black 
striae. Cuts like 
fine cheese. 

id. 

S 0 m e- 
times smells 
mouldy. 

Often mixed 
with sand. 
Moisture con- 
siderable. Mix- 
ture of “ dead ” 
rubber without 
nerve or elas- 
ticity. 

20 to 40 %. 

Is awanting 
in sensitiveness. i 

Negrohead is made 
up of rounded masses of 
uncured rubber, witli 
sometimes flattened 

discs, the result of 
coagiilation in the clay 
cups. 

Bright 

brown. 

Straw yellow with 
greenish marbling, 
especially on the 
edges. 



15 to 30 X. 

Less sensitive 
than brow’^n i 
Para, yet good : 
and strong. 1 

i 

] 

i 

Collected from August 
bo February. Like Para, 
is divided into fine, i 
fine, and Sernamby. 

Another sort of Matto 
Grosso rubber from the 
southern part of the 
State is probably got 
from Hancornia 
^peeiosa. 





i 

Nearly equal 
bo Para. 


More or 
less deep ] 
amber. ^ 

1 
( 

Bright amber, al- 
most translucid ; ^ 
when drawn out, i 
Decomes white and 1 
>paque. I 

I 

SuigenerU 
t'ery pro- i 
lounced ; ( 
Decome s ( 
lauseous in| i 
noist heat, c 

Always mixed 
with vegetable 1 
i6bris, and i 
)f ten with sand, g 
IS much as 15 % € 
)f moisture. 1 

20 to 25?^. I 
Lower qual- £ 
ties char- 
ged with 1 
iarth as f 
iighas50%. i 
5 

lather sensitive 
ind esteemed. ( 
A dry rubber, i 
^ery elastic and 1 
'ree from sticki- i 
less. Resin, 
5*4%; ash, 2-8%. i 
c 

The serum from the 
joa^ulation of the Oeara 
•ubber is to a greater or 
ess extent eliminated by 
nechanical pressure. 

The Manihot is the 
ndiarubher tree of arid 

Irj' ground. 
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SYNOPTICAL TABLE OF THE DIFFERENT VARIETIES 

1. Amekioan Rubbies— 


Commercial 

Denomination. 

Geographi- 
cal Origin. 

Botanical 

Origin. 

Method of 
Coagula- 
tion. 

Port of 
Shipment. 

Commercial 

Market. 

Packages. 

Usual Commercial 

Size and Shape. 

Pernambuco 

fMan^jabeira). 

Province 
of Pernam- 
buco 
(Brazil), 
Bahia, 
Southern 
Matto 
Grosso, 
Uruguay. 

UancornicL 

3e. 

pp. 49 et seq. 

Rio Janeiro, 
Bahia ; 
that from 
Matto 
Grosso 
by River 
Parana 
through 
Paraguay. 

Liverpool. 


As biscuits. Some- 
times in the form of 
rectangular slabs of 
different sizes, some- 
times 1*50 metre in 
length, 0*6 to 0*7 metre 
in width, and 0*08 to 01 
metre in thickness (sav 
60x24 to 27x3 to 4 in.). 

MARANHAJI. 

Province of 
Maranham 
(Brazil). 

•• 

3’e. 

pp. 4:Qetseq. 





Bahia. 

Province 
of Bahia 
(Brazil). 

Haneornia, 

liSI. 

pp. 47 and 
53. 

•• . 

United 

States. 


Irregular masses or 
bulky sheets, which 
sometimes weigh as 
much as 16 to 20 kilos. 
(33 to 441b.). 

Carthagmna 

(Essequibo). 

Colombia. 

Eevoas. 

1 /3 III. 
pp.45 etseq. 
46 et seq. 

Oartha^ena, 

Savanilla. 

United 

States, 

France. 


Bulky masses which 
may weigh as much 
as 80 kilos. (176 lb.), 
proceeding from sheets 
of variable dimensions 
placed in juxtaposition, 
or attenuated tangles 
re-folded on themselves 
like Nicaragua Scraps. 

Ciudad Bolivar 
(C olombia- 
Virgin). 

Venezuela.- 

Heveas, 

Callotropis 

procera, 

Hancomia 

speciosa, 

Sapium 

(biglandii- 

losum) 

(Lechere). 

la I. 

pp. 40 etseq. 
Sometimes 
pp. etseq. 
3 

(Lucien 
Morisse). 
pp. 51 etseq. 

Bolivar. 

Sometimes 

Manaos. 

Hamburg, 

United 

States. 


Same as Para. 

Cayenne. 

French 

Guiana. 

Heveas. 

1 a I. 

pp. 40 et seq. 

Cayenne. 

France. 


id. 

Peru and Peru 
Sernambillo. 

Peru. 

Hevea, 
Cameraria 
la folia, 
Haneornia 
speciosa. 

liSI. 

3 t. 

3e. 

and punc- 
tures to 
e va cuate 
the serum, 
pp. 45, 49, 
and 51 et 
seq. 

Iquitos. 



Bulky blocks, or like 
Para. 

Sernambillo, like Ser- 
namby Para. 
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or COMMERCIAL ORtTDE INDIAEUBBER. 

(1.) South AME.VLiCA.—contimted. 


Skin or 
Coat. 

Section. 

Smell. 

Adulteration. 

Loss in 
Industrial 
Use. 

Valuation. 

Observations. 

Orange 
re(3, with 
saline efflor' 
escences. 

White rose. There 
are numerous pock- 
■ ets shown in the 
section, filled with 
serum containing 
alum, which has 
been used as the 
chemical coagulat- 
ing agent. 


Often also 
coagulated with 
salt in excess. 

40 to 60 %. 
[30 to 40, 
Weber.] 

Little elasti- 
city, flabby. In 
certain cases 
only used on ac- 
count of its fine 
colour. A wet 
rubber. Pos- 
sibly affected 
by method of 
coagulation. 
Resin, 5*9 %; 
ash, 3*1 %. 

States of Minas-Geraes 
and Guyaz have largest 
production, whence one 
half is shipped to Rio de 
Janeiro and the other 
half to Bahia. Export 
duty, 14 per cent. 

Becomes brittle, hard, 
and friable with age. 
This defect is attributed 
to the presence of alum. 

This quality has a ten- 
dency to disappear, and 
be replaced by Maran- 
ham. 

Smoother 
skin, more 
br i 1 1 i a n t, 
no eflaor- 
escence. 

White rose which, 
in the air, assumes a 
deep wine-lee tint. 
Few or no pockets. 



25 to 30 %. 
30 to 35 % 

More sensitive 
and elastic. And 
thus so far 
superior to 
previous brand. 
Resin, 5*8 % : 
ash, 2*4 X. 

The presence of sugar 
has been determined in 
mother liquor collected 
from this rubber. 

Orange red 
coat. 

White rose. Pockets 
filled with serum, 
and very often with 
non- coagulated 
latex; 


Wood, vege- 
table matter, 
sand, earth. 
Very humid. 

50 X- 

[18, Weber.] 

Quality infe- 
rior. Not much 
esteemed. [An 
excellent variety 
almost as strong 
as Para, Weber.] 
Resin, 9*7 % ; 
ash, 0*8 %. 


Deep brown 
inclining 
to black. 
Translucid. 

The cut rubber is 
amber-coloured like 
the bright parts of 
Para Sernamby. 

Odour of 
methyla- 
mine and of 
mould. 

But little vege- 
table debris or 
sand. 

20%. 

25 to 50 %. 

Good elasticity, 
rather sensitive, 
somewhat es- 
teemed. Resin, 
6*7 X ; ash, 
2-8 %. 

There is another Car- 
thagena rubber of older 
date, but as it has aU the 
properties of Guayaquil 
rubber we will amal- 
gamate it with the latter. 

Like Para. 

Like Para. 

Slightly 

smoky. 

Sophisticated 
with the juice 
of the Pmdare 
and the Mas- 
samnda. 

15 to 20%, 
according 
to the qual- 
ity. 

Rather similar 
to Para, to the 
price of which 
it is alone inferi- 
or, under which 
name it is often 
sold. Yellow, 
clean, does not 
require to be 
pressed. Supe- 
rior to coast 
rubber. 

Collection commences 
in November, ends in 
April. 

Tapping is sometimes 
replaced by felling on 
Orinoco (baneful re- 
sults). 

Mixing of other juices 
of inferior quality alw’ays 
injurious. 

Trees ruthlessly de- 
stroyed ; little rubber 
now exported. 

id. 

id. 

id. 

Somewhat pure. 

15 to 20 %. 

Like Para. 
Resin, 2*2 % ; 
ash, 0*4 %. 

Development much 
neglected, according to 
Coudreau. 

Intense 
black. Sur- 
face granu- 
lar. 

Yellow, which 

turns slaty grey 
with age. very 
porous. 


Sand consider- 
able. Water in 
quantity. 

25 to SO %. 
[20 to 30, 
Weber.] 

Very elastic; 
quality es- 
teemed, if not 
its colour. The 
Sernambillo 
(waste) is more j 
esteemed than ' 
that of Para ; it 
is less porous, 
and it contains • 
less water. 
Resin, 3*6 %: 
ash, 1*4 %. 

Collection commences 
in August. 

Felling after tapping. 
This rubber, when boiled 
in water, is decolorised, 
and becomes dirty 
white. 

The water, which is 
tinted, is an energetic 
purgative. 


7 
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SYTOPTIOAL TABLE OF THE DIFFERENT VARIETIES 

I. Ameeican Rubbees— 



Commercial 

Denomination. 

Geographi 
cal Orij^n. 

Botanical 

Origin. 

Method of 
Coagula- 
tion. 

Port of 
Shipment. 

Conimereia 

Market.' 

Packages. 

Usual Commercial 
Size and Shape. 



Guayaquil 

(Sheet). 

Ecuador 

and 

Colombia. 

Castilloait. 

3u 

3e. 

pp. 49 and 
51 et seq. 

Guayaquil. 



^ Sheets of considerable 
size, sometimes as large 
as 1 metre long, 0’5 to 
0*7 metre wide, and 
0*01 to 0'05 metre thick 
(say 39ixl95 to 4 

; to 2 in.). 

'.1 

■ ' 

-I 

1 


Guayaquil and 
Carthagena 
(Strip). 

id. 

id. 

id. 

Guayaquil 

and 

Carthagena. 



Network of OTO metre 
(say 4 in.) in dia- 
meter, rarely more. 
Length varies 3 metres 
(say 10 ft.) (?). 

1 


Mexico. 

Vera Cruz, 
Taumapilas 
Tabasco, 
Guerro, 
Baraca, 
Repic Chia- 
pas. 

Castilloa. 

1 a 11, and 
unknown 
process, 
p. 45. 


North 
America, 
little in 
Europe. 


Sheets of 1 to 4 crns. 
(say ^ to 1 J in. thick). 

Length and width 0*5 
to 0*6 metre (say 20 to 
24 in.). Sometimes in 
balls or marbles 6 to 6 
dn^s. in diameter (say 2 
tol^n.). 

f 

f 

j 


Guatemala. 

, 

Guatemala. 

Castilloa. 

3 (. with 
ipomea 
bona nox. 

p. 61. 


America, 
little in 
Europe. 


Sheets. 

- 


Nicaragua 
(Sheets), 
Savanilla, 
Central 
America, 
Costa Rica, 
Puerto Cabello. 

West Indies, 

Castilloa. 

3i. 
p. 51. 


England, 

France. 


Sheets, thickness of 
5 mms. to 1^ crns. (} to if 
of an in.). Margins often 
thicker than centre. 
These sheets are united 
by meshes into balls, 
which may weigh more 
chan 100 kilos, (say 2 
(cwt.). 

i 


Nicaragua 

(Scraps). 

Nicaragua. 

Castilloa. 

2 y. 

p. 48. 

Grej'town. 

South 

America. 

< 

Sometimes in the form 
of bladders, which may 
be as thick as the arm.* 

Sometimes in the form 
of balls, the smallest of 
which are as big as the 
head. 

Sometimes in bulky 
blocks of 60 to 80 cubic 
centimetres. 

They consist always of 
more or less attenuated 
tangles folded back 
upon and rolled round 
each other, being sheet 
3uttings and spontane- 
ously dried tears. 

> 


I ' 





!■ 
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OF COMMEECIAL OEUDE INDIAEUBBEE. 

(2,) Cbnteal AiiBEroA. 


Skin or 
Coat. 

Section. 

Smell. 

Adulteration. 

Loss in 
Industrial 
Use. 

Valuation. ' 

Observations. 

Blackish. 

Large whitish 

flakes and lumps in 
best sorts On cut- 
ting the poor quali- 
ties there is found 
a greenish black, 
very moist sub- 


Many earthy 
impuriti.es. 
Water in con- 
siderable quan- 
tities. 

20 to 36 %. 
[30 to 40, 
Weber.] 

Som ewhat 
sensitive and 
elastic. Little 
sought after on 
account of its 
imj^urities and 

The produce of Castil- 
loa trees in the Central 
American States is vari- 
ously known as Nicar- 
agua, West India, Hon- 
duras, Mexican, Guate- 
mala, Panama, and 


stance, with many 
vesicles of water. ’ . 



- 

Resin, 6*7 % ; 
ash, 1*2 %. 

Peruvian “ Caucho,” 
according to the locality 
from which it is obtained. 

The rubber comes in 
blocks, sheets, or scraps ; 
is uniformly black, not 
unfrequently tarry or 
sticky on the outside, 
and usually obtains prices 
about two-thirds of that 
of the best Para. 

id» 

Carthagena Strip 
is a black tough 
rubber. 



id. 

id. 


Brown or 
blackish. 
Bright am- 
ber brown. 

Greenish matter ; 
very beautiful 
horny section. 


Sand, earth, 
leaves, some- 
times fragments 
of wood. 

12 to 15 %. 
[30, Weber.] 

Very sensitive. 
Resin, 6*3 % ; 
ash, 1*1 %. 

The arboriculture of 
Castilloa is being vigor- 
ously and scientifically 
prosecuted on the Isth- 
mus of Techuantepec, 
in the district of Soco- 
usco,the State of Chiapas 
and the State of Vera 
Cruz. 

Black. 

When cut, allows 
a viscous, blackish, 
very bitter charac- 
teristic substance to 
escape. This liquid, 
on drying, produces 
a coat of varnish 
which easily scales 
off. 

Very char- 
acteristic 
special | 
odour. 

Very aqueous. 

80%. 

[26 to 36, 
Weber.] 

Very sensitive, 
but little appre- 
ciated on ac- 
count of the 
resin which it 
contains, and 
from which it 
cannot be freed 
without injur- 
ing the rubber. 
Resin, 7*2 % ; 
ash, 3*0 %. 

Fair average quality 
rubber. 

Blackish. 

On cutting, a black- 
ish or greenish yel- 
low substance, and 
a little brown liquid, 
with a bitter taste, 
but not foetid. 

The section, on 
drying, becomes 
brilliant and black. 

1 

Special 
character- 
istic odour. 

Small quantity 
of water. Very 
rarely sand, 

wood. 

10 to 15 %. 

The sort most 
esteemed in 

Central Amer- 
ica. Sensitive, 
elastic. Rivals 
Para. Resin, 
2*8 %; ash, 
1-1 %. 

The thinner the sheets 
the more they are es- 
teemed in trade. The 
government of Nicaragua 
has issued a decree 
giving a premium of 
10 cents for every rubber 
tree planted where the 
number does not go 
below 250 planted by 
one person. The trees 
must be planted 16 feet 
apart. 

id. 

Genemlly blackish 
and brilliant, some- 
times yellowish, but 
blackening rapidly 
with age. 


Little mois- 
ture. Some bits 
of wood(suber). 

S ome times 
adulterated 
with sand. 

1 

10 to 1.6 %. 

Highly esteemed 
after Para fin. 
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SYNOPTICAL TABLE 01 THE DIEEEEENT VARIETIES 

I. Ambeican Eubbers — 


i 

Commercial ! Ge<igraphi 
Denomination, j cal Origin. 

Botanical 

Origin. 

Slethod of 
.Coagula- 
tion. 

Port of 
Shipment. 

Commercial 

Market. 

Packages. 

Usual Commercial 
Size and Shape. 

Guayule. ! Mexico. 

1 

1 ^ ! 

Par- 

thenium. 

Crushing of 
entire 
shrub and 
subsequent 
extraction, 
possibly by 
solvents. 

i 

New York. 

North 

America, 

Europe. 

I 

1 

Black liquorice, tarry 
tacky masses. 


Senegal, 

Soudan. 


South 
jSenegambia, 
Senegalais, 
Segou, 
Foutah- 
Djallou, 
Samory, 
Bammako. 


Oasamanca 

(Boulam). 


Oasamanca 

(Gambia), 


YaheoL^ 
\L(mdol'pMai 
Callotropis 
procem. 
Ficus 
khal. 


4. 

p. 53. 


Kayes, 
Bakel, 
White Cape. 


' High 
plateau of 
the right 
bank of the 
iGasamanca. 


Left bank 
of the 
Casannnca. 


Landolphia. 


l^II. 
p. 46. 


Sierra Leone 
(Southern 
Eivers). 


Vahea. j 4. 

I o P* 
Sometimes 


Lemon 

juice. 


Sierra 
Leone and 
Southern 
Rivers. 


Boulam. 


Zighinchor. 


Marseilles 


Ficus, 
Vahea, 
Landolphia. 
Biander, 
Fituma, 


1/3 II. 
p. 46. 


Boke, Boifa, 
Kouafcry, 
Benty, 
Freetown. 


Liverpool, 

London, 

Marseilles. 


II. African 


Sometimes in the form 
of more or less bulky 
bomb-shaped masses, or, 
in flat sheets of from 1 
to 3 cms. thick (f of an 
in. to in.). 

Sometimes as pellets' 
obtained by rolling 
[upon itself the rubber 
got by spontaneous 
coagulation and drawn 
out into filaments like 
Gambia and Mozam- 
bique. 


The same as Senegal 
rubber. 


Is met with in the 
form of pellets of from 
300 to 800 grammes (say 
lOi to 28 oz.), sometimes 
even 2 kilos, (say 4J lb.). 


Like Soudan, Senegal 
rubber and Oasamanca 
(Bouluii). 

Balls and sheets. 
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OF COMMEEOIAL CRUDE INDIAEUBBER. 

(2.) Central America — continued. 



Skin or 
Coat. 

Section. 

Smell. 

Adulteration. 

Loss in 
Industria 
Use. 

1 Valuation. 

Observations. 

• 






i 

i 

Its black colour and 
its tacky oleo resinous 
nature are against it. 

It can only find a use 
in admixture as a poor 
natural substitute for 
rubber. 


Rubbers. 


Reddish 

brown. 

White — slig-htlj 
rose. 


Bits of wood. 
Sometimes 
earth. Much 
moisture. 

Full of sand 
and dirty bark. 

38%. 

[26 to 60.] 
[30 to 60, 
Weber.] 

Inferior qual- 
ity. Collection 
process too 
rudimentary. 
Resin, 6*1 % ; 
ash, 4*0 %. 

Tensile strength high, 
demand good. 


Deep brown. 

Greyish, inclining 
to creamy white, 
sometimes to rose. 

Abundant pockets 
of serum. 

Bad. 

Much earth and 
sand. 

40%. 

[60 %.] 

But slightly 
appreciated. 

In March the busiest 
time of arrival and 
barter. 


White at 
first, after- 
wards red- 
dish brown. 

Concentric circles 
varying from 
brownish red to 
white (white pre- 
dominating), which, 
on exposure to the 
air, eventually 
assumes the brown- 
ish red colour of the 
outside. 

Sometimes black 
concentric veins al- 
ternating with white 
and rose - coloured 
veins. The rubber 
obtained by 3 1 , sec- 
tion bright amber. 


But little debris. 
Rather humid. 

20to25%(l). 
30 to 40% (2). 
[16 to 30, 
Weber.] 

Rather nervous 
quality. Resin, 

5 '5 % ; ash, 

2-6 %. First 

quality valu- 
able ; second, 
inferior. 

i 

Tliis rubber, which 
would be an excellent 
one if it were not often 
mixed with latex from 
different sources, loses 
its value by these fre- 
quent admixtures. The 
black rubber which is 
present in it is very 
tacky, and produces a 
disastrous effect on the 
rose ru bber. The coagu- 
lation experiments with 

3 t,, although they gave 
very good results, have 
stopped at that. Why V 

Verj^ nervous. 

Very elastic. 

c 

Dirty red- 
iish brown. i 
1 

Slate grey ; heated 
to 30“c, pitchy and 
iack 3 ^ Dull. 

s 

Impurities. 
Moisture con- 
siderable. 

23 to 25%. 
[Niggers, 1 
10 to 25, c 
Weber.] i 
3 
a 

s 

Soft, spongy, 
tmt little appre- 1 
Jiated. Niggers / 
t^ery good. :i 
Elesin, 6*8 % ; c 
sh,0'4%. Twist 1 
^ery fair, 20 to ‘ 
10; Resin, 6-7%; c 
tsh, 0-7 %. V 

ii 
t 
fc 

Large tracts of forest 
and with rubber trees 
jundolphiasind. Fitumia. 

Che most valuable is L. 
marienHSf ‘ ‘ Lilibue. " 

Che next is L. fioHda, 
‘Nofe,” which yields a 
lark rubber prepared 
vith lime juice. Fitumia 

3 estimated in one dis- 
rict alone to be distri- 
mted over 600 sq. miles. 
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SYNOPTICAL TABLE OF THE DIFFERENT VARIETIES 


II. Apeican 


Commercial 

Denomination. 

Geographi- 
cal Origin. 

Botanical 

Origin. 

Method of 
Coagula- 
tion. 

Port of 
Shipment. 

Commercial 

Market. 

Packages. 

Usual Commercial 
Size and Shape. 


Liberia. 


\Landolphia. 

4. 

p. 53. 

Moravia. 



Small-sized balls. 

■#> 

Grand Bassam 
(Assinia). 

Ivory Coast. 

Ficus, 

Landolphia, 

Urostigma,, 

Funlumia. 

4. 

p. 63. 

Grand 

Bassam. 

Liverpool, 

London. 


Met with in the form 
of marbles of 1 to 3 cms. 
in diameter (| to in.). 

i 

Accra 

(Biscuits). 

Gold Coast. 

Landolphia. 

p. 49. 


London. 


Small discs. 


Niger 

(Niggrers). 

Canieroons. 

Landolphia. 





Balls sometimes amal- 
gamated together, and 
then called Block Balls. 

'i 

Aruwimi, 

MONGAIiA, 

Bumba, etc. 

Congo. 






Large balls, varying in 
size like Equator and 
Lopori. 

' 

Lopori. 

Congo. 






Balls. 

i 

Gaboon 
( in balls). 

JiGaboon, 

Congo. 

Landolphia. 

Unknovm. 

Ambris. 

Antwerp, 

Botterdam, 

London. 


Very bulky lumps, 
which eventually as- 
sume the shape of the 
vessel in which they are 
packed. 

i 

I 

' 

Gaboon 

(Strip). 



Unknown. 




Pieces of the size of 
the thumb to that of 
the little finger, pressed 
and stuck against each 
other, but which do not 
amalgamate owing to 
the moisture present. 

1 

1 

Equator. 

Congo. 






Balls glued to each 
other. 


Uelle. 

•• 

•• 





10-20 lb. slabs. 

* 

Congo. 


Landolphia. 

\ 

2 y, p. 48, 
and some- 
times 1)3 II. 
p. 46. 

Banana. 

j 

Antwerp, 

Havre. 


Balls or thimbles. 

• '/ 

Lower Congo. 

Congo, 

Angola. 

Carpodinus, 

Clitandra. 




1 

1 i 

SniaU cubes. 
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OF COMMEEOIAL CRUDE IWDIARUBBEE. 

Rubbers — continued. 



Skin or 
Coat. 

Section. 

Smell. 

Adulteration. 

Loss in 
Industrial 
Use. 

Valuation. 

Observations. 


Brown, 
white, or 
black. 

White. 


Moist ; adul- 
terated with im- 
purities, vege- 
table matter, 
and sand. 

25 to 35 X. 
[20 to 40.] 
[15 to 25, 
Weber.] 

Rather good 
quality. Resin, 
5*9 %; ash, 

1-2 %. 

Fair average quality. 


Brown. 

Deep brown, slight 
ly transparent, some 
white spots, bril- 
liantly polished sur- 
face, * 


Almost no im- 
purities. 

20%. 

[25 to 35, 
Weber.] 

Firm, good 
quality, highly 
commendable. 
Resin, 7*0 % ; 
ash, 1-0 %. 

Marbles or balls are 
generally an index of 
good quality. Better 
sorts highly esteemed. 



White, veined with 
red. 


Earth. 

' 35%. 

[30 to 45.] 

Not very ner- 
vous, passable 
quality, second- 
ary. 



Red black. 

Red. 


Very impure, 
much better 
recently. 

40 to 50%. 

Quality but 
little esteemed 
at first, but 
seems to be get- 
ting into favour 
wi& consumers. 



Tacky. 


Bad ; much 
fermentable 
matter. 


Great. 

[As much as 
35, Weber.] 

Resin, 5*2 % ; 
ash, 0-7 %. 





Putrescible 

matter. 


[8 to 16, 
Weber.] 

Resin, 8*3 % ; 
ash, 0’7 %. 



Brown, 

slightly 

tacky. 

White, filled with 
pockets, from which 
a whitish liquid 
issues. [Large balls 
rose blue? or red, 
small, white, or 
green. 

Nauseous 

(fermenting 

nitrogenous 

matter). 

Very moist, 
but few impuri- 
ties. 

40%. 

[30 to 40.] 
[25 to 35, 
Weber.] 

Sluggish, but 
little appreci- 
ated. Resin, 
7'3 % ; ash, 

0'9 %. 

Action of hypochlorite 
of lime. Large balls 
strong, small balls weak. 


Black. 

Spongy white, 
slate grey, mass ; 
dry section dotted 
with whitish spots. 

id. 

id. 

45%. 

[35 to 45 
Weber.] 

But little 
appreciated. 
Resin, 11 ‘4 % ; 
ash, 1*8 %. 






Is not dirty. 

6%. 

Resin, 3’3 % ; 
ash, 0-7 %. 

Much esteemed. 


Dark. 

White. 



[7*0, Weber.] 

Resin, 5*0 % ; 
ash, 0*9 %. 

Very fair average 
quality. 


Black or 
deep brown. 

White, spongy. 

id. 

But little 
moisture. 

40%. 
Upper 
Congo 14 %. 

Thimbles more 
esteemed than 
the balls. Resin, 
Upper Congo, 
7*7 %; ash, 

0-6 %. 

The Upper Congo white 
is in balls, and is highly 
esteemed. The common 
contain shark and water, 
loss 15%. Congo rubbers 
coagulated by diluting 
with 4 to 6 times its 
weight of water, hence 
putrescible matter is en- 
trained by the “cream.” 

1 Brown or 

1 black. 

i 

Brown or grey. 



[12 to 35.] 

Resin, 8-2 % ; 
ash, 1*2 %. 

Average tensile 
stronger ; dry good, w^et 
inferior. 
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SYNOPTICAL TABLE OF THE DIFFERENT VARIETIES 




II. Afkioan 


Commercial 

Denomination. 

Geographi 
cal Origin 

Botanical 

Origin. 

Method of 
Coagula- 
tion. 

Port of 
Shipment. 

Commeroia 

Market. 

^ Packages. 

Usual Commercial 

Size and Shape. 

Kasai (red). 

Congo. 






Small red balls. 

Kasai (black). 







Irregular pieces. 

Loanda 

(thimbles). 

Angola. 


liSII. 

2 5. 
1/81. 

4. 

pp. 46, 46, 
and 53. 

St. Paul de 
Loanda. 

Marseilles, 

Bordeaux, 

Nantes, 

Havre. 


Tliimbles or cubes — 
more or less perfect— 
with from 5 mms. to 3 
cms. of edge, i.e. from 

1 of an inch to 1| inch. 

Loanda 
(N iggers, or 
Prima). 

Angola. 

LandolpJiia. 

i^n. 
p. 46. 

1 iS III. 
p. 46. 

4. 

p. 68. 

id. 



Balls of 3 to 5 cms. (IJ 
to 2 in.) in diameter. 

Angola 

(Niggers). 

Angola. 

id. 

1/3 II. 
p. 46. 



•• 

Balls of 3 to 5 cms. (I J- 
to 2 in.) in diameter, 
and more or less de- 
formed. 

Bbnguela 

(agglomerated). 

Benguela. 






Pressed balls, amalga- 
mated together. 

Mozambique 
( marbles, balls). 

Mozam- 

bique. 

Vahea, 

LandolpJiia. 

3e. 
p. 49. 

Natal. 



Balls of rolled thread 
of 800 grins, to 
kilos, (say from 28 to 

53 oz.). 

Mozambique 

(balls). 



4. 

p. 53. 




Balls, 2 to 4 cms. (say 

5 to in.) diameter, 

wound thread. 

Mozambique 

(spindles, 

sausage). 



1 /3 III. 
Wound 
round a 
core of 
wood, 
p. 46. 



( 

] 

Spindles, 7 to 15 
cms. (say 2f to 6 in.) in 
length by 2 to 4 cms. 
[say 1 to in.) in dia- 
meter. 

Zanzibar. 

Zanzibar, i 
Darrar, 
Central 
Africa. 

'^andolpMa. 


Zanzibar. 



Like Mozambique balls. 
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OF. COMMERCIAL CRUDE INDIARUBBER. 

Rxr B'B^'R^—rcontinued, 


Skin or 
Coat. 

Section. Smell. 

Adulteration. 

Loss in 
Industrial 
Use. 

Valuation. Observations. 



Clean. 

6 to 8.%. 

Best from Tensile strength high. 

Congo. 



Not much sand 
or wood, but 
volatile and pu- 
trescible matter. 

8 to 11 X. 

Less esteemed 
than the red. 

Resin, 5*7 % ; 
ash, 0*4 %. 

Slate g:rey. 

Brilliant dry sub- Nauseous 
stance, grey, slate- like Congo, 
coloured, with nu- dry. 
merous white punc- 
tures. 

No foreign 
bodies ; lately a 
tendency to so- 
phisticate. 

15 to 20%. 

Tendency to This rubber must be 
turn greasy, stored in a cool place. 

The most es- 
teemed of the 

Angola sorts. 

Resin, 6*6 % ; 
ash, 1*4 %. 

Reddish 

amber 

brown. 

Blonde, horny, 
translucent. 

I Very few 

foreign bodies. 
No moisture 
(Authors). Very 
dirty and full 
of bark (Consul 
Pickersgill). 

8%. 

Very nervous. Tends more and more 
Highly to disappear from the 

esteemed. market, and to be re- 

placed* by the following 
species, called Angola 
Niggerheads. Some of 
the more enterprising 
planters are turning 
their attention to the 
cultivation of the rubber 
plant. 

Reddish 

brown. 

Reddish brown on 
the surface, almost 
ti’anslucent towards 
the .centre. Very 
soft. Appears to 
harden after a few 
days like the skin. 

Some small 
vege table 
debris. Appre- 
ciably moist. 

20%. 

[18, Weber.] 

Not so nervous. Average quality. 

More tacky. 

Resin, 9*0 % ; 
ash, 0*5 %.• 


' 

Much vege- 
table debris, 
sand, and earth. 
Much moisture. 

30 to 50 %. 
[20 to 25, 
Weber.] 

Very inferior Much esteemed, if dry. 
quality. Resin, 

4*0 %; ash, 

0*6 %. 

Deep 

brown. 

Greyish, inclining 
to cream white. 

Very moist. 

Up to 40 %. 
[12 to 20, 
Weber.] 

Secondary The arboriculture of 

quality. the Oeara rubber tree is 

Resin, 7*9 % ; being energeticallj^ and 
ash, 2*6 %. scientifically prosecuted 

in plantations on suit- 
able soils by the Mozam- 
bique Co. 

Sometimes 
rose, some- 
times black. 

Rose white section, 
shining. 

Moisture, sand, 
earth. 

15 to 25 %. 

Rather 

esteemed, 

excepting 

adulteration. 

Sometimes 
rose, some- 
times black. ] 

( 

Red layers and 
black concentric 1 

layers, more numer- i 

3US towards the i 

centre. ( 

s 

Little mois- 
mre. Greatly 
idulterated by 
vegetable 
iebris and even 
;and. 

18 to 30 %. 

Rather 
esteemed, if 
it were not 
adulterated. 

Resin, 6*4 % ; 
ash, 1*3 %. 

Like 

Mozambique 

balls. 

1 

Like Mozam- 
aique balls. 
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SYNOPTICAL TABLE OP THE DIFPERENT VARIETIES 

II. Apeioan 


Commercial 

Denomination. 

Geographi- 
cal Origin. 

« 

Botanical 

Origin. 

Method of 
Coagula- 
tion. 

Port of 
Shipment. 

Commercial 

Market. 

Packages. 

Usual Commercial 

Size and Shape. 

Madagascar 

(black). 

Madagascar, 

Commores. 


4. 

p. 53. 

Nossi-B6. 

•• 


Irregularly shaped 
masses, most generally 
flattened by the pres- 
sure of the package. 
The lumps vary in size 
from a man’s fist to a 
huinan head. 

Madagascar 
( pinky rose). 

Madagascar, 

Reunion. 



Tamatave. 



Round balls. 

Madagascar 

(Niggers). 

Madagascar. 






. 

Dark large balls. 








III. Asiatic 

Assam. 

North-west 
of Bengal 
(Brahma- 
putra). 

Ficus, 

(Troeola. 

1 

1 

1 all. 
p. 45. 

2y. 
p. 48. 

1 iS III. 
p. 46. 

Calcutta. 

London. 

In 3 cwt. 
baskets of 
split rat- 
tans, cover- 
ed with a 
gunny bag 
tied with 
cane. 

Blocks (weighing to 
160 grms., say 5 oz.), 
which strongly adhere 
to the cloth in which 
they are packed, to 
which they stick on ac- 
count of the greasy state 
into which this kind of 
rubber quickly passes. 

Rangoon. 

Bumiah, 

Annam. 

I 

•• 1 


Singapore, 

Rangoon. 



[Irregular lumps. 
Similar to Assam. 

Penang and i 
Patani. 

1 

Prince of 
Wales 
"Island, 
Malacca, 
Sunda Isles. 

Ficus, Cyn- 
anchum.. 


Penang. 


1 

Irregular blocks of 
about 1 sq. decimetre 
(4 inches). 

Ceylon. ' 

Ceylon. 

Hema, 

Manihot, 

Glaziowii, 

Castilloa 

elastica. 

Churn or 
centri- 
fugal. 

Colombo. 

London. 


Crepe block biscuit. 

CoClIlN-ClIINA. , 

1 

Cochin- ; 
China, 

Parameria 

Glaudulipe. 

•• 

i 


1 

Clumsy, hard, deep 
brown lumps. 

IV. Oceanic 

Java 

(Lampong). 

Sumatra , 
(South- 
east). 

Ficus 

elastica. 

1 jS III. 
p. 46. 

Singapore. 



More or less bulky 
cakes, formed by agglo- 
merated sheets. 

Java 

(Ben Kalen). 

i 

Sumatra 

(South). 

id. 
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OJ? COMMERCIAL CRUDE IKDIARUBBER. 

Rubbers — contiimed. 



Skin or 
Coat. 

« 

Section. 

Smell. 

Adulteration. 

Loss in 
Industrial 
Use. 

Valuation. 

Observations. 


Black or 
very deep 
brown, 
moist, 
covered 
with 

impurities. 

White, slightly rose. 


Earth, gravel, 
much moisture. 

3b to 45 %. 
[30, Weber.] 

Less esteemed 
than the pinky 
rose. Resin, 
10*4 %; ash, 
1*1 %. 

The milk of the in- 
ferior sorts is coagulated 
by treatment with salt 
water or acid, or by arti- 
ficial heat. The black 
rubber shipped from 
Majunga is supposed to 
be produced by such 
methods. 


Peculiar 
deep rose 
red. 
Smooth 
like pale 
horn. 

Bright red or rose. 


Few impurities. 
Rather moist. 

25 to 30 %. 
[20, Weber.] 

Very much es- 
teemed, slightly 
nervous, rather 
elastic. Resin, 
7*2 %;* ash, 
0-2%. 

Speciality for moulded 
articles. Best Mada- 
gascar sort, owing to 
reckless felling and 
digging up by the roots, 
likely to be soon ex- 
hausted. 



Brown, white or 
black. 



25 to 46 %. 

Resin, 7-S % ; 
ash, 2*3 %. 

Very variable. 


Rubbees. 


Brown. 

Dark, sometimes 
reddish with white, 
almost transparent, 
spots. The rubber 
is always of a 
mottled appearance 
with bright pink 
streaks. 


Moisture, sand, 
earth. 

25 to 40 %. 
[16 to 40, 
Weber.] 

Not much es- 
teemed. Resin, 
5*6%;asb,0-7%. 

Tending to disappear 
from the market. 


Very dark 
brown. 

Black on 
the outside. 

Brilliant, marbled 
with white, blackishi 
red. 

Deep brown, bright 
transparent brown. 


Always wood. 

Earth, sand. 

20 %. 

[12 to 30, 
W'eber.] 

20 to 25 %. 
[15 to 30, 
Weber.] 

More valued 
than the pre- 
ceding. Resin, 
4*4 % ; ash, 0*7 %. 

Rather nervous. 
Resin, 7*6 ; 
ash, 1-3 %, 

Cultivated rubber from 
chonemorpha, macro- 
phylla, Rhyne W’'allichi, 
Eedysauthera, Micran- 
tha, yield results in- 
teresting to planters in 
further India. 

Fair average quality, 
dry, good. Tacky, in- 
ferior. 


Straw. 

Straw. 

Faint. 

Nil. 


Cultivated 
Hevea rubber, 
about equal to 
Para. Superior 
for waterproof- 
ing, but inferior 
in tensile 

strength. 

Rational cultivation. 
Recent importation. 


Rubbers. 


Deep brown- 
coloured 
tears. 

Brown red. 

•• 


18 to SO ; 
[12 to 30, 
Weber.] 

Little valued, 
but esteemed, 
if dry. Resin, 
5*6 % ; ash, 

0-8 %. 

Tendency to darken 
and become tacky in the 
air and with heat. ‘ * Java 
rubber is similar (to 
Assam) but usually not 
so good.” — Morris. 


Bright 

blonde- 

coloured 

tears. 

“ Almonds ” of red 
Sumatra gutta per- 
cha tears with bluish 
efflorescence. 

•• 


30 to 45 %. 
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SYNOPTICAL TABLE OF THE DIFFERENT VARIETIES 

IV. Oceanic 


Comiuercia 

Denomhmtion. 

Geographi- 
cal Origin. 

Botanical 

Origin. 

Method of 
Coagula- 
tion. 

Port of 
Shipment. 

Commercial 

Market. 

Packages. 

Usual Commercial 

Size and Shape. 

Java. 

Java. 

Ficus 

elastica. 





More or less bulky 
cakes, formed by agglo- 
merated sheets. 

Borneo 

(White Assam). 

Borneo, 

Straits 

Settlements, 

Celebes, 

Moluccas, 

Philippines. 

UrceclUt 
WUlugh- 
beia^ Dijem, 
Callotropis. 

3e. 
p. 49. 

By salt 
water from 
ash of 
leaves of 
Nipa palm. 

Macassar, 

Singapore. 



Sheets or balls more 
or less bulky, deformed 
(callotropis). 

Sheets varying from 

2 to 3 centimetres in 
thickness, with numer- 
ous depressions (other 
botanical origin). 

Borneo 

(Djambes). 

Sumatra. 

WUlugh- 
beiat Leuoo- 
notis. 

•• 

Singapore. 



Balls and sheets 

Borneo 
(Ben Koolen). 




Block Pura. 



Bather thick sheets. 

New Guinea. 







Clusters of small balls. 

PONTIANAE, 

Borneo 

(West). 


•* 


•• ■ 


Greyish-white balls. 

New 

Caledonia. 

New 

Caledonia, 

Ficus 

prolixa 

(Banyan), 

UrosUgma, 

FroUcca, 

Artocarpm^ 

Intcgrifolia 

la I. 

pp. AQetseq. 

Port Villa. 

Marseilles. 


Cakes like Para, from 
6 to 10 kilos. (13-2 to 
22 lb.). 
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OF COMMERCIAL CRUDE INDIARUBBER. 

RtTBBEES — ecmtiwmd. 


Skin or 
Coat. 

Section. 

Smell. 

Adulteration. 

i Loss in 
Industrial 

1 Use. 

Valuation. 

Observations. 

Tears of a 
more 
decided 
colour. 

The “almonds” 
more decided. 



.18 to 45%. 

Little valued. 


Grey Coat 
(callotro- 
pis). Brown 
(other bota- 
nical origin). 

White paste (cal- 
lotropis). White, 
often rose or violet 
tinted (other botani- 
cal origin). 

Callotropis 
rubbers 
have a smell 
of tanned 
leather, at- 
tributed to 
the tannin 
contained 
in the 
vine. 

The other 
kinds have 
a nauseous 
smell, com- 
ing from the 
albuiuen- 
oids of the 
latex not 
asepticised 
by the 
tannin. 

Pockets with 
abundant ser- 
um. 

Pockets with 
abundant ser- 
um, frequently 
sand, greenish 
clays. 

Very porous 

pores §eing 
filled with salt 
water. 

25 to 30%. 

35 to 40%. 
[35 to 50 
Weber.] 

Fairly good. 

Much less es- 
teemed.' 

Obtained by cutting 
plant into pieces varying 
from a few inches to 2 to 

3 ft. long, and allowing 
the juice to drain into 
buckets, heatbeingsome- 
times applied to one of 
the pieces when the juice 
flows slowly. The balls 
of rubber forconvenience 
of carrying are threaded 
on a strip of rattan. 

Reddish 
brown. . 

Greenish red. 


Olay water in 
quantity. 

46 % and 
more. 

Little enough 
esteemed on ac- 
count of adul- 
teration. 


Brown. 

White inside. 


Rather pure. 


Good quality. 


Black. 

Whitish. 



15 %. 

Good when free 
from bark or im- 
purities. Resin, 
4*2%;ash,l*3%. 

Sometimes a bastard 
sort is shipped, whitish 
and hard, almost resem- 
bling hard balata. 




•• 

15%. 

Resin, 85 to 95 % 
ash, 1*8 %. 

Highly resinous. Value 
low. 

Brown, 
inclining to 
black. 

1 

Section veined ivith 
white. 

Slightly 

smoky. 

! 

! 

Very pure. 

18 to 20%. 

Very good 
quality when 
free from di- 
verse admix- 
tures. 

Slightly resin- 
ous. 

Lately put on the 
European market. 


CHAPTEE V 


PHYSICAL AND CHEMICAL PROPERTIES OE THE LATEX AND OF 
INDIAEUBBER—GENERAL CONSIDERATIONS 

Preliminary Ohservationn — Remme of previous cliapiteTS, — In Chap. I. the 
general definitions of latex and of rubber have been given, and in succeeding 
chapters attention has been drawn to the differences in the physical properties and 
in chemical constitution of these two substances, according to the producing plants, 
their age, environment of the locality in which they grow, season, and even hour of 
collection, method of tapping, and, finally, the process employed for separating and 
getting at the rubber held in suspension in the latex. 

From this diversity of circumstances, which may influence one way or another 
the substance to be examined, arises the absolute necessity of examining the 
physical and chemical properties of the latex, and of rubber, in a rational and 
systematic manner. Only one and the same type, therefore, will be examined from 
the different points of view which the subject involves. Proceeding thus, it is 
hoped some deductions may be drawn with a reaUy tangible interest, in actual 
industrial practice ; and if some anomaly supervene, it will suffice to point it out. 
A few examples will explain this scheme. 

Adriaiii's researches on the latex of the Ficus elastica, — Dr. Adriani, author of a 
monograph on the fresh latex of the Ficus elastica^ direct from the plant, observed 
that in a general manner the quantity of solid matter contained in a resiniferous 
sac was less the higher up the tree the incision was made, and consequently on the 
younger parts of the incised tree. He experimented on a Ficus elastica of about 
7 ^ feet in height. The following are his results : — 

Table XVIII. — Showing the Percentage of Solid Matter in Latex 

ACCORDING TO HEIGHT OF INCISION (AdRIANI). 


Quantity of Latex 
Evaporated. 

Height of the 
Incision. 

Total Residue. 

Percentage of 
Solid Matter. 

Kilogrammes. 

Metres. 

Kilogrammes. 


0-185 

0*30 

-0-046 

25-15 

0-393 

1-74 

0-095 

24-05 

0-143 

2-10 

0-030 

20-98 

0-825 

2-25 

0-145 

17-70 


Deductions to he dratvn from above Table. — Such analytical data are certainly 
very interesting, and would be more so if experiments had been conducted not only 
on Ficus elastica)^ but also under similar conditions on other species of rubber trees in 
general. Some general law could then have been deduced from such experiments 
as to which was the most advantageous part of the rubber tree to bleed, but at the 
same time they show us the futility of the summary indication of such and such a 
manual dealing with this subject, which tells us that the latex yields so much per 
cent, of rubber without any further particulars. 

Example II. — Variations in size of the globules of rubber mimming in the 
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tox— Adnani, examining microscopically the latex of the Ficus, found that the 
spherical globules, which constitute rubber, floating in the liquid in great numbers 
average 2*3 micromillimetres when the latex is taken from the lower part of the 
tree,^ whilst those of the upper part of the tree are 2 micromillimetres. Therefore, 
in giving the dimensions of the globulites of rubber, the height must be specified at 
which the latex was collected on the tapped tree, as well as the variety to which 
the tree belongs. 

FxoMbple III.— The density of the latex. — Here are three experiments to 
determine the density of the latex : one on a juice, without any indication either 
of its origin or of the height of incision ; the two others by Ure— one on a latex 
rich in rubber, the other on a poorer juice. 


Table XIX.— Showing Density op Rubber Latex (Muspratt, Ure). 



Density. 

Muspratt, without indication . 

Ure ; Latex rather thick . 

Ure : Latex thinner .... 

1*01200 

1 *01750, say 37 per cent, of gum. 
1*01121, „ 20 „ 


Above data as to density insufficient. — Such data cannot facilitate the exact deter- 
mination of the density of a latex without the comparative results furnished by a 
fixed and immovable type. 

Example IF . — Variations in analyses of latex still more striking. — These 
diflerences, and the difficulties which they beget, are still more striking if we 
compare the analyses of various species of latex. Faraday analysed, in 1826, a 
Hevea latex sent to Europe. Opposite this analysis there is generally placed that 
given by Adriani, on the laticiferous juice of a terminal bud of Ficus. 


Table XX. — Analyses op Latioes op Para and Assam 
Rubbers (Faraday, Adriani),. 


Analysis of a Latex imported from 
Brazil (Faraday). 

Analysis of a Latex of Ficus of 2*25 
metres, say 7J feet in height (Adriani). 

Per cent. 

Caoutchouc . . . .37*70 

Albuminous matter . . 1*90 

Bitter nitrogenous colouring 
principles . . .7*13 

Substances soluble in water . 2*90 

Wax 0*13 

Water slightly acid . . 56*37 

Per cent. 

Caoutchouc . . . .9*57 

. Eesin soluble in alcohol but 

insoluble in ether . . 1 *58 

Organic acids combined with 
magnesia. . . . 0*36 

Substances insolubl e in w*ater 2*18 
Calcic and sodic salts . . traces 

Water 82*30 

95*99 


Albuminoids and tannin. — Ure did not find in the two samples of latex he 
submitted to analysis the albuminous matter determined by Faraday, whilst, on 
the other hand, he determined the presence of tannin. ^ 

^ I cannot trace Ure having mentioned tannin as an ingredient of latex. He mentions 
aloetic matter which, if it contains tannin, is essentially different from tannin 'per se. It will 
he as well to quote Ure textually as follows “Having been favoured by Mr. Sevier, formerly 
managing director of the Joint-Stock Caoutchouc Company, and by Mr. Beale, engineer, with 
two different samples of caoutchouc juice, I have subjected each to chemical examination 
That of Mr. Sevier is greyish brown, that of Mr. Beale is of a milky gi'ey colour, the deviation 
ill whiteness in each case being due to the presence of aloetic matter which accompanies the 
caoutchouc in the secretion by the tree. The former juice is of the consistence of thin cream, 
has a specific gravity of 1*04125, and yields by exposure upon a porcelain crucible in a thin 
layer, for a few days, or by boiling, 20 per cent, of solid caoutchouc. The latter, though it has 
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Latex of irmih ahse^it from leaves aruL branches , — Finally, Nees d’Esembeck 
and Clamor Mar quart identified real caoutchouc, as we know it, in the latex of the 
trunk of the Ficus^ but not in the branches and leaves of the same plant ; the 
substance which takes its place, and which they call viscine, is only converted later 
on, according to these two chemists, into indiarubber. 

Want of co-ordination in researches, — Such examples could be multiplied, but 
those given amply sufiice to show that if the numerous researches on this subject 
are full of interesting details, and form precious documents for the history of 
rubber, they are at least awanting in sufficient co-ordination to deduce therefrom 
precise and certain laws. It would, therefore, be useful to proceed more methodic- 
ally, and thus assist those who seek, in a work of this kind, acquired information, 
from which they may draw proper conclusions. That is the determinant reason 
which leads us to confine the examination to the physical and chemical properties 
of (1) the latex of the most highly esteemed rubber-producing plant, and (2) of 
the rubber which it yields, namely, the rubber to which ‘ the trade up to now has 
given a just preference — the Hevea hraziliensis — and, as type, a Hevea of about 
twenty-five years old, that is to say, one arrived at the adult age, and thus capable 
of producing the most abundant and the richest milk. The plant has been 
incised 0*50 metre (say 19*65 inches) above the soil, the first hour in the day the 
second month of the dry period of the year 1888 (good average harvest in the 
Lower Amazon). If in course of such examination we find in the special 
literature of this subject a fact in flagrant contradiction with the results obtained, 
attention will be drawn thereto, a work of this nature never having anything 
absolute about it. 

Latex — Physical 2 ^'^operties — Colour. — The latex of the Hevea hraziliensis, 
collected under the above conditions, has been examined under the microscope. It 
is a liquid, white to the naked eye, but really colourless, or rather slightly amber- 
coloured, in which there float quantities of suspended spherical globules, of which 
the diameter varies, and the average of which is 3*51 These globules constitute 
the rubber. Colourless in themselves, they impart to the liquid, by their extreme 
division — whilst each of .them still i^reserves its own individuality, — that white 
milky aspect which it has not by itself. 

Action of air, light, and contact with coloured juices on colour of latex and 
resultant rubber, — The coloration of this liquid • may, however, under definite 
circumstances, be altered very perceptibly, and so influence the final colour of the 
rubber which is produced from it. Without mentioning the oxidising action of 
air and light, the effects, of which will have to be studied more especially when 
treating of real rubber, it is possible that, with rubber trees, other than Hevea, the 
juice, as it leaves the laticiferous tissue, in its passage to the exterior portion of 
the wound, may have to traverse other tissue containing coloured juices. The 
colour of the latex, as well as its resiniferous . portion, would be appreciably 
altered. « 

f Morellet^s microscopical exanmiation of the harh of the Landolphia — Resinous 
cells. — Morellet establishes a similar fact whilst studying the Landolphia yielding 

the consistence of pretty rich cream, has a specific gravity of only 1*0175. It yields no less 
than 37 per cent, of white, solid, and very elastic caoutchouc. ... I find that neither of the 
above two samples of caoutchouc juice aftbrds any appearance of coagulating when mixed in any 
proportions with alcohol of 0*825 specific gravity, and therefore I infer that albumin is not a 
necessary constituent of the juice, as Mr. Faraday inferred from his experiments published in 
the 21st volume of the Journal of the Royal Institution. The odour of Mr. Sevier’s sample is 
slightly acescent : that of Mr. Beale’s, which is by far the purer, has no disagreeable smell what- 
ever. The taste of the latter is at first bland and very slight, but eventually very bitter from 
the aloetic impression upon the tongue. The taste of the former is bitter from the first, in 
consequence of the great excess of aloes which it contains. When the brown solution, which 
remains in the capsule after the caoutchouc has been separated in a spongy state by ebullition 
from 100 grains of the richer juice, is passed through a filter and evaporated, it leaves 4 
grains of concrete aloes. . . . The prepared aloetic liquor is not affected by the nitrates of 
baryta and silver. It affords with oxalate of ammonia minute traces of lime.” — Tii. 

The fx=\ micromillimetre, which is the thousandth part of a millimetre. 
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Mozambique rubber, the microscopical examination of the bark of which he describes 
ttas : • Several layers of parenchyma are met with on the exterior p.c. (Fiff. 35) 
alternating with layers of suber, 5 . Where desquamation has occurred, only the 
two internal layers are visible. Beneath the extreme internal layer of the suber 
nunierous sclerose cells, c.5., occur, arranged in radial lines, forming a continuous 
hick layer generally of from 10 to 20 cellules, then parenchyma, intermixed with 
numerous branches of sclerose cells, then soft liber, formed from parenchyma, cells 



IxG. 35. — 1. Landol 2 ^iia^ which yields Mo 2 ambique rubber ; transverse and longitudinal 
section 01 the bark: c.a., sclerose cells; cortical parenchyma; s? 4 ., suber; 
ta., laticiferous vessels ; c.m., resinous cells. 2. c.m., detail of the resinous 
cells in the longitudinal section of the Vcthect which yields Mozambique rubber. 

full of a red resin, c.res., possessed of great colourinff power, liber fibres sma-H in 
number, and laticiferous Yesseh in very great abundance.” These resinous cells 
are the cause of the peculiar smell of Mozambique rubber. 

S^U . — Fresh Eevea latex is inodorous. But when left by itself it rapidly 
acquires, under the action of Ae oxygen of the air, a slight smell of methylamine, 
whnm again makes itself felt in the rubber prepared from it if it be not sterilised 
by the smoking process, as occurs with Para seconds, or when a small quantity of 



smoked is mixed with a larger quantity of spontaneously coagulated rubber. This 
characteristic smell is equally manifest in some varieties of other juices depending 
upon the intimate constitution of each latex, and its more or less perfect state of 
preservation. 

-The taste of fresh Hevea latex is not very accentuated, rather pleasant 
and sweet than repugnant and bitter. Carrey says he drank it not without 
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enjoynientj but the latex must always’ be fresh, as the taste as well as the smell 
change quickly in contact with the air. Although this change is not so marked in 
the Heveas^ it is very much more decided in the Hancornias of Peru and the 
Landolphias of Western Africa. The juice of Callotropis gig anted of Borneo owes 
its slightly bitter taste to a particular astringent substance whose presence has 
been pointed out by Morellet, in certain cells of the bark of this plant. 

Density. — ^It has already been seen how difl&cult it is to determine in an 
absolute and rigorous manner the density of the latex, and how many circum- 
stances intervene to modify the results. As a general rule, the richer a juice is in 
rubber the lower is its density, and the higher the density the less will he the amount 
of rubber therein per wnit of volume. ^ However that may be, the density of the 
latex here adopted as type is 1*019 at the temperature of 14° C. (57*2° F.), and 
corresponds to a richness in real caoutchouc of 32 per cent. 

Chemical properties — Froximate principles. — ^ In Table XXI. the chemical 
composition of the latex of the Hevea hraziliensis at the moment it issues from 
the plant is given. 


Table XXI. — Chemical Composition of the Latex of the Hbvba 

mAZILIJBNSIS. 



Per cent- 

Elastic matter . . . . , . ; 

32*00 

Nitrogenous organic matter (putrescible) .... 

2*30 

Mineral salts, sodic and calcic (no magnesic) 

9*70 

Eesinous bodies 

traces 

Water slightly alkaline 

55 to 56*00 


100*00 


This analysis, which appreciably approaches that given by Faraday in 1826, 
differs, however, in' one interesting point. Faraday^s analysis was of a sample of 
latex imported from Brazil. It had thus taken some time in arriving at the 
laboratory. Owing to very great liability to decomposition of the vehicle of the 
rubber globulites, in spite of all precautions in bottling the sample sent, Faraday 
found an acid reaction ; whilst on the spot, at the very moment the liquid flows 
from the incision, it has a slight but decidedly alkaline reaction. This ephemeral 
alkalinity of the latex of the Hevea is peculiar, and totally differentiates it from 
the latex of the Ficus, which, as soon as it issues from the producing plant, always 
appreciably reddens litmus paper. Adriani, who more especially examined the 
latex of the Ficus, attributes the reaction to the presence of a peculiar organic 
acid, which is distinguished from all other organic acids by its sodic and potassic 
salts being difficultly soluble in water, whilst the salts which it forms with lime, 
magnesia, and iron are very soluble. See Table XX. 

Nitrogenous putrescihle organic bodies in the latex. — Our analysis mentions 
2*30 per cent, of nitrogenous putrescihle matters. This term is purposely used 
in preference to that of albuminoids or proteid matter. The properties of the 
substances have not been sufficiently studied, and scientists who have specially 
examined them are too much at variance as to their nature to justify a definite 
declaration on the point. They, however, merit very careful examination, for it 
is undoubtedly to their presence that the great liability of the latex to change, to 
which we have already referred, is due, and it is almost always owing to their 
insufficient elimination or neutralisation that commercial rubber owes its most 
salient defects. 

The mineral matter in serum of Hevea latex. — It is unnecessary to dwell 
particularly on the mineral matters present in the serum of the milk of the Hevea, 
consisting of potassic and calcic org^anic salts to the exclusion of magnesic salts. 
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Th.ere is nothing abnormal in their presence, and they would be uninteresting if 
they did not afford an analytical method of assigning, eventually, with some degree 
of certitude, a true certificate of its origin to any given rubber. Magnesic salts 
are absent from the mother liquor of the Hevea juice, whilst Adriani’s analysis 
shows its presence in every instance in Ficm latex. Again, the calcic and potassic 
salts of .the Hevea are compounds of two bases with a special and hitherto un- 
determined organic acid ; these two bases are met with in Landolphia juice, combined 



Fig. 37. — Transverse section of Landolphia giimmifera : ^.c., cortical parenchyma ; U.^ 
liber containing crystals ; la,, laticiferous vessels ; f,li., liberian fibres. 

with oxalic acid, and Morellet discovered under the microscope decided crystals 
of this compound (Fig. 37 li., Fig. 38 cr.). 

The resinous bodies in the latex. — The traces of resinous bodies in the analysis 
of Hevea latex are for the moment neglectable quantities. They are dealt with 
under the chemical composition of raw commercial rubber. 

Damhonite amylaceous and saccharine principles. — Certain amylaceous and 
saccharine principles are met with in the latex of the Hancornias of Pernambuco 
and Maranham, in that of the African Landolphias and Vaheas, and the Urceolas 
of the Malays. Aime Girard was the first to draw attention to these principles. 



Fig. 38. 1.— Transverse ^ and longitudinal sections of the bark of the Landolphia 
senegalensis \ la., laticiferous vessels and latex; li., liber; cr., small cells with 
crystals. 


In his first memoir to the Academy of Sciences in. 1868, he says : “The defective 
process followed in the preparation of Gaboon rubber leaves a white limpid liquid 
enclosed therein, which changing gradually alters the caoutchouc itself, and causes 
it eventually to lose all its properties. Owing to these defects, Gaboon rubber 
requires special and repeated treatment. Before this method was establishedj 
manufacturers could not use it, so Gerard and Aubert of Grenelle, being unable to 
utilise a lot of Gaboon rubber, spoiled by age, resigned themselves to decompose 
it by heat and convert it into liquid pitch. During the progress of the operation, 
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and amongst the volatile bodies condensed in the chimney, they observed a white 
substance, crystallised in fine needles, and possessed of a sweet taste. That is the 
substance which I have called DamhoniteJ^ 

Pre-existence of damhonite in the fresh latex itself. — According to Girard, 
dambonite, a neutral volatile body, pre-exists in the latex itself when it is of 
recent production. But when the serum has been imprisoned for a long time in 
the pores of the rubber, it no longer contains the same saccharine substance ; it 
is converted into a gummy body in which there is found, besides a little unaltered 
dambonite, another non-volatile saccharine body of different composition. In the 
samples examined Girard collected as much as of pure dambonite from the 

caoutchouc analysed. 

Properties of damhonite . — It is a white crystalline substance, very soluble in 
water, readily soluble in ordinary alcohol, slightly soluble in absolute alcohol. It 
melts at 190“ C. (374“ F.), and volatilises from 200“ to 210° C. (392“ to 410“ F.) 
in long brilliant needles. Its chemical composition is indicated by the formula 

CsHgOg. 

Hydrates of damhonite. — In presence of water, dambonite hydrate takes up 
three equivalents of water, which it loses at 100“ C. (212“ F.). The crystals 
dex^osited from a syrupy solution of this hydrate are in the form of highly surbased 
oblong prisms. 

Action of reagents on damhonite . — Dambonite does not reduce cupro-potassic 
tartrate, is not subject to either the alcoholic or the lactic fermentation ; in contact 
with hydrated acids it is attacked even in the cold ; by raising the temperature 
the reaction becomes more energetic, and at 100“ C. .(212“ F.), in presence of 
hydriodic acid, or fuming hydrochloric acid, it is complete in hah an hour. It 
then splits up in a remarkable manner, and if the operation be performed in a 
close vessel, methyl hydriodic ethers are observed to form in the liquid, whilst in 
the acid liquid there remains in solution a new neutral non-volatile substance, 
with a saccharine taste, crystallising very well, and presenting the centesimal 
comjposition of a dried glucose, Damhose. 

Chemical constitution of damhonite. — The production of dambose indicates the 
real composition of dambonite, which " cannot therefore be considered, like the 
greater number of saccharine bodies, as a x>olytomic alcohol, but as a methylic 
ether splitting up according to the formula 

4 HI ^ CgHgOe + C2H3I 

Dambonite. 

Cs^+ HCl. = C,HA + C 2 H 3 OI. 

The author resumes his first work : “ The milky juice of the vines secreting 
Gaboon rubber contains a volatile saccharine principle different in its behaviour 
and composition from the saccharine bodies hitherto studied. This principle, 
dambonite, may be regarded as the methylic ether of a second saccharine principle.^ 
damhose ; and this latter, noted for its great stability, evidently belongs to the 
family of glucoses, and may, like them, play the role of a polytomic alcohol.” 

Borneo damhose and Meteza damhose {bornesite matezite). — It is not necessary 
to follow M. Girard in the continuation of his researches, by which he was enabled 
to announce to the Academy of Sciences in 1871 bornesite extracted from the 
Urceolas of the Malays, and in 1873 matezite extracted from a Madagascar rubber 
called by the natives Meteza roritina. These two i^roducts are likewise peculiar 
methylic ethers of damboses, which the author has styled Borneo damhose and 
Mateza damhose. His final conclusions are — 

“ In comparing the three products,” he says, “ I have been able to 
establish in a decided manner the non-identity of the three damboses formed by 
their splitting up in presence of liydracids, and I have been able to determine 
amongst their physical properties relations which, coupled with their chemical 
properties, justify their being considered as the result of the progressively increas- 
ing condensation of the same molecule C^HgOg.” 
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The following is the resume of my observations upon this point : — 

Table XXII. — Showinc4 Chemical and Physical Constants of Sugaes 
OP THE Dambose Type. 


Substance. 

Formula. 

Melting Point. 

Botary Power. 

Darabonite 

CfiHsOs.' 

205° C. 

0 

Bornesite 

C14H14O1.3. 

200°C. 

+ 32°. 

Matezite .... 


isrc. 

+ 79°. 

Dambose 


212°C. 

0 

Borneo dambose 


220°C. 

0 

Matezo dambose 

OigH3.jOi8. 

2.35°C. 

I 

+ 6°. 1 


The work of Girard, already very interesting in itself from the point of view of 
the discovery of a new natural sugar, is of stiU greater interest to us by the fact 
that it enables us to give the most plausible explanation of the difference in the 
behaviour of the rubbers which come from the .milk of the Heveas, compared wdth 
that extracted, as we have just said, from other American, African, and 
Australasian sources. 

If the authors do not quite agree with Girard, in so far that they do not 
admit the pre-existence of dombonite in the fresh latex yielding the different 
rubbers which he has examined, it is none the less true that these juices contain a 
peculiar amylaceous substance, to which undoubtedly must be attributed the 
baneful influence exerted on the rubbers which are extracted from them, and we 
are thus enabled to understand how it is that it is necessary to treat these juices in 
quite a special manner if it be desired to produce a rubber perfectly acceptable to 
commerce and from which industry may draw every possible advantage. It is by 
the simultaneous and rational application of heat — natural or artificial — and 
sodium chloride, and by the complete elimination of the serum residue from the 
coagulated rubber, and finally by doing it up into very attenuated balls or spindles, 
that the natural defects of these rubbers may be minimised, which, when well 
prepared, quickly acquire a greater value, and which are destined to play a more 
and more important role in the rubber industry. Sodium chloride might be very 
advantageously replaced, in the case of these varieties, by ammonium fluoride, the 
most powerful antiseptic for stopping the putrid fermentation of amylaceous bodies, 
if its cost did not tend to debar its use. 

Actions of reagents on Hevea latex — 1. Action of water', alcohol, and ether . — 
The milky juice is not sensibly altered by the addition of a small quantity of 
water. In greater proportion the water hastens the separation of the rubber 
globulites and accelerates the formation of the creamy layer which contains the 
caoutchouc. Alcohol and ether have an analogous action. Both of these emulsive 
juices mix readily with water, alcohol, and pyroxylic sj)irit, although they do not 
become at all cleaner.^ 

2. Acids. — Mineral as well as organic acids, in small proportions, determine the 
more energetic grouping of the suspended globulites, and thus hasten coagulation. 

3. Concentrated sulphuric acid causes a great change in the latex — which, 
however, does not concern us for the moment. 

4. Cold concentrated nitric acid is without action on the globulites themselves, 
but it decomposes the serum, in which it produces a gelatinous precipitate. Nitric 
acid converts it into a red curdy magma. ^ 

5. Concentrated acetic acid {glacial) acts very peculiarly on the globulites in 
suspension in the latex; at the same time it hastens their amalgamation, causing 
each of them to swell in a very energetic manner, whilst at the same time they 
maintain their primitive texture. 

^ ? CgHgOg as on p. 116. All the formnlje and equations quoted from Girard are evidently 
old notations. — T k. 

^ Ure, in re juices, footnote, pp. 111-112. ® Ure, loc^ cit. 
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6. AVkalies.-^ii contradistinction to acids, alkalies — especially ammonia — 
hinder the globiilites from coagulating, and thus contribute to their remaining in 
an infinitely divided state in the midst of the liquid vehicle. They develop an 
amber tint in this liquid, which gradually becomes more and more transparent, 
whilst the latescent appearance tends more and more to disaj^pear. The property 
of ammonia of maintaining the rubber globulites in a great state of division or 
emulsion has often been taken advantage of for preserving the latex, and its 
conveyance in the natural condition to great distances. A 7 to 8 per cent, 
solution of ammonia has so been used with success. 

7. — Alwni — Chloride of sodium — Fluoride of ammonia. — Salts in general, 
but especially antiseptic salts, such as alum, sodium chloride, ammonium fluoride, 
are powerful coagulants of the different species of latex. They would appear, 
however, to have a more energetic action on juices of rubber trees other than 
Hevea, on which their action is less marked. 

Halogens {chlorine, bromine, iodine) — Sulphur. — Chlorine, bromine, and iodine 
must more especially occupy our attention. There need be no question as 
to sulphur. Its insolubility in ordinary vehicles capable of being mixed with the 
latex, and its non-volatility at the ordinary temperature, are bound to render its 
action ineflicacious in the liquid media. But it is not so with chlorine, iodine, and 
bromine. These three bodies, being soluble in water and alcohol at ordinary 
temperatures, can be brought in contact with the proximate principles of the latex, 
and it is easy to determine the action which they exert thereon — especially on the 
rubber globulites — which interest us more definitely and particularly. Under 
their influence these globulites turn brown, agglomerate rapidly into a very ductile, 
unique mass, which may be drawn out into long filaments. Their ‘ presence has 
therefore evidently modified the chemical composition of the gummy matter from 
that which it possessed in the midst of the laticiferous mass : if the substance 
becomes viscous, that must be attributed to an excess of reagent having been 
added. 

Action of solvents. — The latex will not mix with caoutchine or with 
petroleum naphtha, but remains at the bottom of these liquids as distinct as 
mercury does from water. 

Action of halogens on the ruhher itself. — The action of halogens upon rubber 
becomes more energetic when it is freed from all the other bodies constituting the 
latex, the effects produced have a certain analogy with the very singular action of 
sulphur when it is put in contact with rubber, especially if heat and extreme 
division aid the metalloid to act more energetically. 

Properties of indiarubher — Preliminary observations. — Whilst studying the 
q^roximate constituents of Hevea latex, we examined each summarily, reserving to 
the end the essential principle, the ingredient called caoutchouc. It is indispens- 
able to examine a perfectly determined and well-defined body, because, as already 
mentioned,^ a certain sample of rubber produced, from Hevea latex possesses 
corresppnding properties, which another that has been prepared with less care 
does not possess. The rubber, the structure and different properties of which is 
about to be considered, is that furnished by the typical latex adopted above, freed 
from the other proximate constituents, amongst which it was present in the latex 
by the smoking process, to the exclusion of every other process. To examine and 
determine its chemical composition and its formula, we shall submit it to the 
treatment adopted by Payen to obtain a caoutchouc absolutely pure and exempt 
from all foreign matter. 

Preparation of chemically pure ruhher. — The rubber known as Para prima is 
cut up into very thin fragments by means of a cutting tool, and is then subjected 
to prolonged and uninterrupted desiccation in a drying oven. Freed in this way 
from all interstitial moisture, the substance is digested with five to six times its 
weig t of anhydrous carbon disulphide. When it has assumed a gelatinous, 
opalescent consistency, 6 per cent, of absolute alcohol is added, which causes the 
solution to . become clear and fluid. Thinned down in this way, the rubber is 
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filtered through a plug of asbestos, and run into twice , its weight of absolute 
alcohol. Ihe dissolved substance is immediately precipitated to the bottom of the 
vessel, whilst the carbon disulphide dissolved in the alcohol floats above it. After 
standing for a sufficiently long time, the liquid is decanted, and the residue washed 
repeatedly ^th absolute alcohol until the latter leaves no residue on evaporation. 
The precipitate is collected, dried at 70’ C. (168’ F.), and the treatment repeated 
1 % n caoutchouc is finally obtained of density 0-920, at 

14 C. (57 2 F.), the elementary analysis of which gives the following results; — 

Table XXIII. — Ultimate Analysis of Chemically Pure Para Prima 

Indiarubber. 



Per cent. 

Carbon . ‘ . 

Hydrogen 

87-27 ' 
12*73 

100-00 


Its chemical formula therefore corresponds to the atomic formula of CgHg, 
G. Williams’ analysis is as follows : — 


Table XXIV.— -Ultimate Analysis op Eubber (G. Williams). 



Per cent. 

Carbon 

86-1 

Hydrogen i 

11-3 

Nitrogen ’ 

0*7 

Ash ...... 

0*9 


99-0 


Williams cannot therefore have operated on a sufficiently pure sample, and, with 
this reservation, his analysis only confirms the above results. 

As to the chlorides and sulphides mentioned by A. Girard and Clpez, these also 
have their origin in an impure sample. 


Table XXV. — Ultimate Analysis op Ficus Eubber (Auriani). 



Per cent. 

Carbon 

78*25 

Hydrogen 

10*34 

Oxygen 

11-40 


99*99 


As Adrian! used a substance which had remained several months above 
sulphuric acid, and had become quite hard, it can only be inferred that the rubber 
had become altered, and that his results in no way invalidate those given above. 

Constitutional < formula, — According to the distillation products of pure 
rubber, as we shall see further on, it will be convenient to adopt the definite 
atomic formula of CgHg, and thus to consider rubber as a mixture of 
polymeric carbides of high equivalents, derived from a fundamental carbide CgHg 
of the class of terpenes or polyterpenes which, under the influence of atmospheric 
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oxygen and liglit,. partially change into resinous bodies, and thus yield the different 
rubbers of commerce. 

Density, — The density of rubber is generally given as varying between 0*919 
and 0*942, and sometimes even the figure of 0*966, as, for example, by Adrian!, 
who especially studied the Ficus rubbers. These variations show (1) a very con- 
siderable difference between rubbers from different sources, but they also demon- 
strate very forcibly how necessary it is to use as a starting-point only one and the 
same, type always taken under identical conditions. Chemically pure rubber, 
prepared by Faraday’s method from Hevea latex, has a density of 0*919 at the 
temperature of 14” C. (57*2 F.), and commercial Fara prima at the same 
temperature has a density of 0*930. Under the same conditions, all the other 
varieties have a greater density, which is due not only to a higher percentage of 
water, but also, more or less, to the organic matter with which this water is charged, 
and which helps to modify the resultant densities, as well as to the juxtaposition 
to the pure rubber of a more or less altered substance said to be oxidised. 

Density of the commercially purified 'n'uhher. — Chapel and Bouquillon made a 
series of experiments upon this point to determine the specific gravity of different 
rubbers used in manufacture after these rubbers have been sliced, purified, and 
dried — namely, when ready to be utilised. These experiments, made at the 
temperature of 16” C. (60*8” F.), by aid of a very sensitive hydrostatic balance, 
gave the following results : — 

Table XXVI. — Density op Commeecially Puee Rubbees Ready foe Use. 


‘Soiirce of Rubber. 

Density at 
160° 0. 

(60 -8° F.). 

Source of Rubber. 

Density at 
160° 0. 
(60-8° F.). 

Para 

0*914 

Sierra Leone . 

0-923 

Colombia . 

0-916 

Senegal. 

0-929 

Madagascar 

0-915 

West India Scraps 

0-'935 

Borneo 

0-916 

Mozambique . 

0-939 

Sernamby . 

0-918 

Ceara . . . 

0-958 

Balls anti Negroheads 

0-920 

Assam . . , . 

0-967 


As rubber contracts and expands, its density varies with the temperature. The 
specific gravity of the best Para taken in dilute alcohol is 0*914567, of best Assam 
0*942972, of best Singapore 0*93650, of best Penang 0*91978. 

Physical properties. — The physical properties of rubber cannot be examined 
on a chemically pure sample, prepared like that used for the study of its elementary 
composition and its chemical formula. Each time it is dissolved rubber loses a 
more or less considerable portion of its essential physical properties, and it is 
necessary, in the examination which follows, to resort to another process in order 
to obtain as pure a sample as possible. Faraday’s method , appears the most 
simple. It leaves intact, as far as possible, the properties of so easily altered a 
substance. 

Preparation of commercially pure Hevea rubber. — To prepare the rubber 
required for examination, the juice of the Hevea is diluted as soon as collected 
with four times its volume of water, and the mixture allowed to stand, by itself, in 
a cool place, sheltered from sunlight, for twenty-four hours. The rubber separates 
as a whitish cream, lighter than the serum. The liquid portion, syphoned off from 
underneath, is replaced by very cold distilled water, acidulated with hydrochloric 
acid, and ‘‘ sharpened ” with a little pure sodium chloride, then the washings are 
continued with distilled water alone, until the wash water no longer contains a 
trace of any foreign bodies, and comes away perfectly limpid. The mass, con- 
sisting of a multitude of small agglomerated fibres, is then collected. Pressure 
causes water to flow from it, provided that the operation be conducted at a 
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temperature which, does not exceed 14° C. (57*2° P.). The pure mass so obtained 
is completely dried on pieces of porcelain (shaded from the sun as far as possible) 
to a white, opaque, elastic pellicle, which, when completely dried in darkness, 
eventually becomes diaphanous ; it remains colourless with a slight amber tint, and 
possesses all the properties of the best kinds of commercial rubber. It is under this 
form that the present study of the special physical properties of rubber will be made. 

Internal structure. — In the diaphanous condition, rubber, examined under 
the microscope (an extremely difficult and delicate operation, the substance, owing 
to its elasticity, doubling up under the pressure of the microtome, and only allownng 
a slice thin enough to be examined being obtained with difficulty), does not 
exhibit perceptible vacuities (Wiesner). But Payen, who examined under similar 
conditions very thin lamellae of Para rubber whilst still white and opaque, observed 
numerous irregularly rounded pores communicating with each other, which expand 
even under the capillary action of liquid and gases, which ■ do not exert a solvent 
action on the substance. When the permeability of rubber is described, what applica- 
tions science has been able to make of this porous structure, which is its natural 
structure, the diaphanous and anhydrous structure examined by Wiesner only being 
an exception which is occasionally met with in Ceara and Madagascar rubbers, will 
be evident. 

Colour . — Rubber, prepared by Faraday’s method, from fresh Hevea milk, 
shaded from sunlight, and at a temperature not exceeding 14 C. (57*2° F.), is 
diaphanous and colourless when it has been sufficiently dried, and presents a more 
or less opaque milky aspect when dried at a low temperature. The white, opaque 
appearance observable on the inside of the section of freshly-cut, recently-prepared 
rubber is therefore a characteristic sign of a greater or less percentage of moisture, 
which varies in Fara prima from 10 to 20 per cent.; but in certain other varieties, 
owing to defective preparation, the moisture may exceed 50 per cent. 

Colour of smoked rubber . — This same rubber recently prepared, but by the 
smoking process — owing to coagulation by artificial heat — is amber brown, and 
slightly opaque. Its coloration is due to empyreumatic bodies, and to carbon 
in an extreme state of division, incorporated by the smoking. 

Colour liable to change with age. — The colour of rubber, however prepared, has 
a tendency to change under the influence of light and atmospheric oxygen. 
But as not only the colour is altered, but also the chemical composition of the 
substance itself, the alteration is merely notified here, and will again be referred 
to under the action of reagents on rubber. 

^mell and taste . — Pure rubber, whether prepared by Faraday’s process or by 
chemical purification of commercial brands, is by itself inodorous and insipid. If 
sometimes commercial varieties acquire the smell and the taste of methylene, of 
old rum, — if, again, it contracts a foetid smeU, 'which is often the case with 
African rubbers, — it is owing to more or less defective preparation and insufficient 
elimination of the putrescible bodies which accompany it as it issues as latex from 
the producing plant. 

Conduction of heat and electicity . — Indiarubber is generally a bad conductor of 
heat and electricity. But each different brand possesses this negative property to 
a more or less pronounced degree, and it is certainly Hevea rubber which possesses 
it in the highest degree. The degree of purity still further exalts it ; whilst the 
change which the rubber undergoes under the action of oxygen, of ozone, as well 
as light, sometimes diminishes it to such a point that a rubber so altered will conduct 
very well both heat and electricity. It was thought that use could be made of 
a covering of indiarubber, lined with esparto, to preserve the steam-pipes of steam- 
engines against too much loss of caloric. Experience proved that the envelope rapidly 
lost its protective properties. The same thing occurs in the use of raw rubber 
in electrical apparatus : excellent at first, they rapidly lose their dielectric value. 

FermeabUity — Fayenh experiments m 1852. — (1) Action of water. — The 
porosity of rubber explains its easy permeability by different liquids which 
have no appreciable chemical action on it. Water affords one of the most 
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interesting instances : thin cuttings of dry rubber, one lot from a white, opaque 
rubber, the other in sheets or foil, slightly yellowish and translucid (that is to say, 
the one more anhydrous than the other) ; immersed for thirty days in water, the 
former absorbed 18*7 per cent, of it, and the latter 26*4 per cent. The first lot 
increased in length by 5 and in volume by 15*75 per cent. Thick sheets of 
indiarubber w-ould eventually be similarly penetrated, and a considerable time will 
be required to completely eliminate it, because the superficial layers, being the first 
to dry, contract their pores considerably, and thus hinder the final desiccation of 
the central points. The mechanical hydration ought to be taken into account in 
commercial transactions, since, by this fact alone, the real value may be diminished 
from 18 to 26 per cent., and a white shade is only the sign of a purely illusory 
superior quality. Moreover, the presence of water hinders the penetration of 
the liquids used in industry to dissolve or swell the rubber, and diminishes its 
tenacity and its ductility.^ The apparent whiteness and opacity are generally 
due to moisture. Complete drying causes the amber" coloration and translucency 
to appear. 

(2) Action of alcohol . — Anhydrous alcohol easily penetrates rubber, more 
especially at a temperature of 78“ C. (172*4“ F.). Dry, thin, translucent slices, 
heated repeatedly in the liquid during eight days, became opaque, their length 
being augmented by their volume by xuuir* Their adhesive properties 

increase remarkably, even in the midst of the alcohol. Their weight increases 
in the proportion of 100 to 118*6, and, nevertheless, they cede to that liquid 
TWO- of a fusible, greasy, fawn-coloured substance. The slices, after the evapora- 
tion of the alcohol, -were more transparent and more adherent to each other than 
before this treatment. As far as their tenacity was concerned, it was appreciably 
diminished.” 


Dialydng power . — The permeability of rubber also applies to certain gases, 
without solvent action upon it. These gases traverse it with greater or less facility, 
according to the state of dilatation of the rubber and the pressure of the gas. 
Thus Graham, in 1866, used thin sheets of rubber to separate gases, liquefying 
them in the passage. If a vacuum be made, either in a small satchel of varnished 
silk filled mth thick felt, or in a small balloon filled with sawdust (the felt and the 
sawdust being intended to support the thin envelope of the caoutchoucised silk or 
of the balloon), the pellicle of rubber allows a mixture of gases to pass, containing 
0*416 of ^oxygen, and capable of inflaming incandescent wood, whilst air only 
contains 0*21 of oxygen. The caoutchouc partition therefore retains half the 
nitiogen, and allows the other half to pass along with the whole of the oxygen. 
This dialysed air therefore is a gas, exactly intermediate between air and pure 
oxygen, so far as the question of combustion is concerned. Graham’s observations 
were confirmed by Peyron, who found that atmospheric air, hydrogen, nitrous 
oxide, carbonic acid, are easily dialysed through natural caoutchouc. Aronstein 
and Sirks likewise studied this property, in so far as the action of the rubber on 
carbonic acid and protoxide of nitrogen is concerned. They rendered caoutchouc 
impermeable to gas, by digesting it for two hours in linseed oil or in a mixture of 
asphaltum dissolved in tar. Finally, Graham observed that dijfferent gases traverse 
the pores of the rubber with greater or less rapidity, or, in other words, that several 
gases being in the presence of each other, the volume of each which passed through 
was variable in the same units of time 

= 0 = 2-556; H = 3-500; CO, = 13-684; 

OO, ^ thus soluble thick sheet rubber or tubing; they absorb this gas and 
swell to ten times their original volume, then, in course of time, the gas is eliminated 
and the rubber resumes its original volume. 

, Wiesner, who analysed numerous varieties of rubber, 

states that all the species examined by him, without exception, allow light to pass in 


^ The water thus absorbed 
that this is a frequent cause 
the latex. 


hemg eliminated, moreover, but very slowly, it may be conceived 
ot tbe decay of those rubbers prepared by a too hasty curing of 
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magnificent prismatic colours between the Nicols prisms of a polarising microscope. 
This phenomenon, very marked with greasy rubber, was less so with perfectly 
dry pieces. The effect of polarisation is better and more decidedly shown if the 
rubber membrane be strongly compressed between two*object-glasses. But the. play 
of colours of thin films possibly intervenes. 

CompresBihility . — Blossom states that a cube of rubber of 0*88 metre square 
submitted to a blow of 100 tons diminishes 10 'per cent, in volume. This property 
of natural caoutchouc has been but little studied by specialist writers, whose whole 
attention in this respect has been brought to bear on vulcanised and mineralised 
rubber. The subject will therefore be reverted to in more detail when the com- 
pressibility of vulcanised rubber is examined. 

Expansion and contraction. — Rubber easily expands when heated, and cold 
contracts it to a corresponding extent. Ure, experimenting on rubber cooled down 
until it had lost all its elasticity, found it to have a density of 0*9487. Brought 
back to the temperature of 35° C. (95° F.), that is to say, to the point when the 
substance regained its normal elasticity, its density had sunk to 0*9259. Under the 
same volume, the expansion and contraction confirmed these variations in density. 
The following point is worthy of notice ; it is one which has been taken great 
advantage of by the rubber-thread industry : if natural rubber be heated to 115° C. 
(239° F.) and then cooled, it loses its contractility during this transition, whilst all 
its other properties remain intact. A. Gerard utilised this property to obtain thread 
of extreme tenuity. Having submitted threads which had been stretched to six 
times their length to a temperature of 115° C. (239° F.), this extension became 
permanent by sudden cooling, and the threads then lent themselves to a second 
similar extension. By repeating this experiment five times in succession, the 
primitive length was increased in the ratio of 1 to 16625. The diameter was 
diminished in proportion to this enormous elongation, and the threads were 
obtained in a degree of fineness hitherto unknown. With expansion and con- 
traction two other properties of indiarubber are closely connected : 

Elasticity and extensibility . — Of all known solid bodies, rubber has the 
greatest degree of elasticity, i.e. the property of being but little capable in the 
natural state of preserving in a permanent manner the changes of shape which a 
mechanical force may impart to it. A ball cut out of a block of Para prima, 
falling with only the velocity imparted to it by its own weight, rebounds from the 
ground, and rises to a height varying between one-half and three-quarters of the 
course traversed in its fall. From the summit which it reaches it falls again, to 
rise once more, and it continues thus to rebound until, the oscillations getting more 
and more reduced, on account of the using up of the effort imparted to it in over- 
coming the resistance of the friction of the ground, it finally stop)s. But, besides 
elasticity^ rubber possesses the property of extensibility^ i.e. of supporting an 
elongation which, in a band of natural Para pidnia, may amount to five times its 
primitive length without breaking, then of regaining very rapidly, if left to itself, 
its primitive dimensions, unless a new force intervene, e.g. alteration in temperature. 
Gerard observed that fibres elongated to the extent of six times their original size 
could again be elongated to the same extent if . exposed to a temperature of 
108° C. (226*2° F.). This extensibility may be brought into play in any direction 
with the same facility, and rubber may be temporarily deprived of its elasticity ; 
if, for example, after having strongly stretched a band of this substance, it be 
rapidly cooled, it loses its elasticity, and may remain stretched indefinitely without 
recovering it. It suffices to moisten this band and to evaporate the water by 
agitating the air. 

The rubber soon regains its elasticity if it be subjected to a temperature of 
■f 22° C. (71*6° F^). But if it be deprived of its latent heat by compression, it may 
be exposed even to 26° and 27° C. (78*8° and 80*6° F.) during several weeks with- 
out reverting to its normal condition. When successive portions of indiarubber 
thread, deprived of its elasticity, are pinched with the fingers, a strong contractile 
force operates exclusively in these points, without the untouched portions altering 
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their texture ; the thread then assumes the appearance of a string with knots, and 
it can preserve this condition for an indefinite time if it be not manipulated and if 
it be kept at a moderate tempei^ature. The different intervals between the swellings 
do not change their properties, and thus show that the latent heat has no tendency 
to diffuse itself or to equalise itself in the mass. If an indiarubber band, deprived 
of its elasticity, be held in the palm of the hand, a slight feeling of cold is produced, 
which proceeds from the rapid absorption of heat by the elastic substance. This 
peculiarity is eminently characteristic of native rubber, and is hardly observable 
in that prepared by one of the following methods: — (1) Solution in spirits of 
turpentine, followed by drying. (2) The mastication of the raw material until it 
forms a paste, which is connected into sheets between two heated rolls. Para 
rubber, in preference to any other, lends itself marvellously to this experiment. In 
1840, another method was adopted to deprive rubber of its elasticity. In the 
manufacture of elastic fibres it is, for the moment, indispensable that the threads 
lose their elasticity, to render any further transformation possible. To effect this, 
it is wound on a reel, turned rapidly by a workman, whilst another workman 
conducts it to the reel, keeping it stretched so as to impart to it in the stretching 
seven or eight times the length it formerly had. The threads are then left in this 
state of tension during two or three weeks, after which they are so far deprived of 
elasticity as to be capable of being wrought without thereby regaining their original 
length. But it suffices to expose them to heat, even to rub them between the 
palms of the hand, for them to regain their primitive elasticity. Sudden, abrupt 
extension of rubber gives rise to considerable disengagement of heat, and Brockedon 
raised the temperature of 30 grammes of water 2‘’C. (3*6“ F.) in fifteen minutes by 
collecting the heat i^roduced by the abrupt tension of an indiarubber thread. 
Elasticity, which may be augmented by a slight elevation of temperature, dis- 
appears about 3'" to 4° C. (5*4° to 7*2° F.) above +0°C.. (32° F.), below which 
rubber becomes rigid like old leather, but not brittle ; it is frozen, and does not 
regain its original properties until it is exposed to a temperature of -l-40°C. 
(140° F.), or unless it be drawn out and compressed alternately. 

Adhesion , — At the ordinary temperature natural rubber is soft and so viscous 
that two sections of the same fragment of rubber, when placed together and slightly 
pressed, adhere with such tenacity that they appear to consist of a single compact 
piece. This property increases with rise of temperature, whilst it so decreases on 
cooling that below 0.° C. (32° F.) the cut surfaces no longer unite. This subject will 
be further discussed when treating on the action of reagents, chiefly sulphur, on 
rubber. 

Here terminates the brief examination of the physical properties of raw rubber. It 
could have been dwelt upon further, the subject is so interesting from many points 
of view. But although the plan of this treatise does not allow of too many 
details, the subject will again be reverted to on several occasions, when vulcanised 
rubber is discussed. A special paragraph could also have been allotted to 
the jjermeability of this substance to liquids and gases, but this property belongs 
more -especially to the chemical part, which now falls to be discussed. 

Action of chemical agents — Heat — Hoiv rubber melts . — Pure as well as com- 
mercial rubber, when heated, becomes gradually more pliant and elastic, but at 
about 145° C. (293° F.) its state of existence is modified, it becomes viscous, it 
adheres to hard bodies, it gives way and loses its elasticity. Towards 170° to 
180°‘C. (338° to 356° F.) it finally melts into a thick liquid, very similar to molasses, 
and does not regain its primitive properties until after a very long time, and then 
only but partially and in very feeble proportion. It is then almost black, tacky, and 
viscous; it has turned “fatty.” At 220° C. rubber becomes oleaginous, and 
decomposes at 300° C. 

How it burns. — Rubber, so altered in contact with an ignited body, burns with a 
very smoky red iiame. When in fairly sized blocks, it may be easily extinguished, 
but if it be in fragments (factory waste-cuttings), the heat is rapidly propagated, 
the whole melts, and it becomes almost impossible to stop the fire. 
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Destructive distillation of rubier, — On destructive distillation rubber generates 
several products : in the beginning it only disengages a little carbonic acid (CO 2 ) and 
carbonic oxide (CO), with traces of some other products the exact nature of which it 
is almost impossible to determine, and in which Gerard and Cloez thought they 
encountered sulphuretted hydrogen and hydrochloric acid. In the variety taken 
here as type these bodies were not detected. At this point it is necessary to 
raise the temperature, so as to “ boil ” the rubber, which then gradually disappears 
without leaving an appreciable residue, giving birth to several hydrocarbides which 
possess the property of dissolving with facility sound rubber, amber, copal, etc. 
As a considerable proportion of them are obtained, it was proposed a long time ago 
to utilise the most volatile fractions for the treatment of indiarubber and in the 
preparation of various varnishes (Barnard, 1833). 

Tim hydrocarbides produced by the destructive distillation of rubber, — The 
hydrocarbides generated during the dry distillation of rubber have been examined 
by Gregory, Dalton, Himly, Greville Williams, Bouchardat, and Sir W. Tilden, 
Carl Otto Weber, etc. 

1. Volatile hydrocarbides light spirit, — ^According to Bouchardat, the most 
volatile portions of the distillation of indiarubber collected in a freezing mixture 
consists of butylene (C 4 H 3 ), caoutchene, and eupione. Caoutchene, isomeric with 
butylene, boils at 14“ C. (57‘2“F.); its density is 0*660; it congeals at 10“ C. 
(50“ F.) in the form of needles. 

Dimly, — Rubber on distillation yields charcoal and three-quarters of its weight of 
a volatile thick dark oil which when redistilled yields a fraction between 130“ and 
205“ C., which is resolved on redistillation into a fraction. The density of the most 
volatile portions of which collected by Himly is 0*654; they boil between 33“ and 
44“ C. (91*4“ and 111*2“F.). By treating them by concentrated sulphuric acid 
they are (Gregory) transformed into isomers, boiling at 220“ C. (428“ F.). 

Greville Williams — Isoprene, — The more recent researches of Greville Williams 
show that after several rectifications over sodium a light body can be extracted from 
these oils, to which he gave the name of isopn^ene {hemiterptene)^ boiling at 
from 37“ to 38“ C. (98*6“ to 100*4“ F.), with a density of 0*6823, and a vapour 
density of 2*40. The same hydrocarbide is produced by the distillation of gutta 
percha. Exposed to air, it absorbs oxygen, and is converted into a white solid 
amorphous body. 

2. The heavier oils from the dry distillation of rubber, — The less volatile fraction 
contains a hydrocarbide (Himly’s caoutchine), which is obtained pure by treating 
the crude oil with sulphuric acid, diluted with eight times its weight of water. 
After washing with water, and a distillation over potash, it is saturated with hydro- 
chloric acid, and afterwards dissolved in alcohol. By diluting the alcoholic 
solution with water, an oil is precipitated, which, dried over calcium chloride and 
rectified several times over baryta, then over sodium, presents the following 
properties : — 

Froperties of caoutchine. — Density = 0*842. Yapour density = 4*461. It is 
polymeric with isoprene, and should be represented by the formula ; it boils 

at 170“ C. (338“ F.), and does not become solid by a cold of--30“C. (-22“F.); 
it is insoluble in water, and easily dissolves in alcohol and ether, essential and fatty 
oils ; hydrogen peroxide resinifies it. It is attacked by chorine and bromine. Chloro- 
caoutchine is viscous ; its density = 1 *443 ; it decomposes when distilled over a base, 
and yields a hydrocarbide containing more carbon than caoutchine. It combines 
directly with hydrochloric acid, and with hydrobromic acid ; the hydrochloride of 
caoutchine, isomeric with the solid “ artificial camphor ” of spirits of turpentine, is a 
brownish oil, with a nauseous taste. Density = 0*950. It is decomposed on distillation, 
and is not attackable by dilute alkalies. Concentrated sulphuric acid transforms 
caoutchine into a thick oil resembling heveene, whilst a small quantity of a sulpho- 
conjugated acid is produced at the same time. By treating caoutchine alternately 
with bromine and sodium, two atoms of hydrogen are abstracted from it, and it is 
converted into cymene (CioH^g) : — (G. W.). 


126 


INDIARUBBER 


3. The heaviest oils from the dry distillation of nahher, — Finally, tlie heaviest 
portions ^ of the distillation of rubber contain an amber-yellow oily hydrocarbide, of 
a bitter taste, to which Bouchardat has given the name of heveene^ and which is 
isomeric with ethylene. Density = 0*921 at 21** C. (71*6° F.). It boils between 
315° and 350° C. (599° to 662°F.) j it does not solidify on cooling, is soluble in 
ether, alcohol, fatty and essential oils. It absorbs chlorine, and then assumes a 
waxy consistency. It is decomposed on boiling and resolved into gaseous and 
liquid products, the latter of which have a lower boiling point. Sulphuric acid 
resinifies it and transforms it into an oil boiling at 228° C. (442*4° F.), which is 
not attacked by concentrated acids. Bouchardat concluded, from the manner 
in which the different products of the distillation of caoutchouc behave, and 
more especially isoprene, that all these products, like caoutchouc itself, are polymers 
of isoprene. 

Synthesis of Indiaruhher, — Bouchardat^ s researches, — Pushing these studies 
further forward, Bouchardat claimed to have obtained artificial or synthetical rubber 
by causing hydrochloric acid to react on isoprene. But his claim has never been 
absolutely substantiated nor confirmed by any other independent authority. . .One 
part of this body mixed with 15 parts of saturated hydrochloric acid was subjected, 
in a sealed tube, to the action of a freezing mixture. As soon as the tube contain- 
ing the mixture was agitated, a violent reaction was produced, accompanied by an 
abundant disengagement of heat. The mass obtained is abandoned to itself for 
two to three weeks at the surrounding temperature, and care is taken to agitate it 
from time to time. If the product then be subjected to distillation after having 
been previously diluted with water, there is obtained, besides a monohydrochloride 
and a dihydrochloride of isoprene, a solid residue which, freed from the chlorides 
formed, by prolonged washing with boiling water, presents the following 
composition : — 

Table XXYII. — Analysis op Boijchabdat’s so-oalled Synthetic Rubber. 



Per cent. 

Carbon . 

87-1 

Hydrogen 

11*7 

Chlorine . 

.1*7 


100*5 


Bouchardat does not consider the presence of this latter body but as accidental, and 
due to a residuum of chlorides from which it is difiicult to free the mass. It is 
therefore, he claims, a substance analogous with indiarubber, insoluble in alcohol, 
and which swells in ether and carbon disulphide. 

Submitted to dry distillation, this new substance produced the same hydro- 
carbides as indiarubber, and Bouchardat concluded therefrom that his product was 
identical with natural rubber. But J. G. MTntosh, in his efforts to deprive pinene 
hydrochloride of its HCl (British Patent), always obtained a small quantity of a 
rubber-like residue, distended by alkaline lye, which was left in the steam- or fire- 
heated copper still at the close of the, operation. He has no doubt that this 
substance is identical with that obtained by Bouchardat. When freed from the 
alkali and salt, with which it is distended, the highly swollen elastic pitch-like 
body decreases to a minimum, and loses its elasticity and crumbles to a powder. 
This ^‘synthetic rubber” possibly comes from the free resinous acids in the 
turps, etc. 

Sir W. A. Tildens researches, — Tilden, resuming the researches of Bouchardat, 

^ Obtained by distilling rectified caoutcliine with water as long as any part of it passed 
over with the aqueous vapour, and then redistilling the residue in an oil bath. 







recognised in 1884 that isoprene was also found in the most volatile portions of the 
distillation of turpentine, and of certain vegetable oils, such as colza oil, linseed oil, 
and castor oil. Isoprene, thus obtained, in contact with saturated hydrochloric 
acid, was also converted into a solid elastic mass similar to indiarubber. During 
the course of his 1891 experiments, Tilden, after having separated isoprene from 
different vegetable oils, studied its properties attentively. Each particular specimen 
was enclosed in a flask and put to one side in the laboratory, an,d at the end of a 
few months he found that the substances in the flasks were completely altered 
in appearance and properties. The liquid, originally limpid and colourless, had 
become converted into a syrupy mass, in which there floated rather bulky yellowish 
lumps. These, on further examination, he found to possess all the properties of 
caoutchouc, and attributed this formation to the generation, by oxidation, of a small 
quantity of acetic or formic acid. These acids, in their turn, induced the trans- 
formation of the remainder of the mass, probably by fermentation. The liquid 
then contained a little unaltered isoprene, sHghtly acid to test-paper. Analysis 
showed that the solid substance, which floated on the surface, was a product 
possessing all the constitutive elements of natural rubber. Like the latter, it con- 
sisted of two substances, the one more soluble than the other, in such vehicles as 
benzol and carbon disulphide. The evaporated benzene solution yielded a residue 
having all the characteristics of the residue of a benzene solution of Fara prima 
rubber, evaporated in the same conditions, the same elementary composition, the 
same adhesive and elastic properties. There is no need to insist upon the im- 
portance of the researches of Bouchardat and Tilden — synthetically- produced 
rubber has passed into the domain of facts. So far as the industrial question is 
concerned, the production costs relatively a little high. In regard thereto, there 
is no reason to doubt the sagacity of our investigators. Bouchardat experi- 
mented on a derivative of indiarubber itself. Tilden operated on derivatives of 
spirits of turpentine and of vegetable oils. Further advances will be made, 
and it would not be surprising if in the near future natural rubber had to 
compete with the synthetical variety. Certain manufactured samples leave ab- 
solutely nothing to be desired so far as quality is concerned, whilst, as to the 
price, it is a matter of time and patience ; the subject is worthy of being probed 
to the bottom, for although only a rubber of uniform quality has hitherto been 
obtained, it is at least free from all impurity, which is not the case with natural 
rubber.^ 

Action of solvents on normal rubber. — Insolvhility in water . — If water and alcohol 
penetrate rubber and cause it to swell, they do not dissolve it, neither when hot nor 
when cold. Certain sorts cede to water a feeble quantity of extractive matter ; these 
are the substances which Muspratt ( % Ure) called aloetic, and which come, almost 
always, from certain juices added to the latex to hasten coagulation. Certain raw 
rubbers from Peru, whilst being wrought in the factory make the workers engaged 
in the first stage of their manipulation ill. After being boiled, these almost black 
rubbers come out of their bath amber-coloured and inoffensive, whilst [ the 
strongly-coloured deep brown water is changed into a rather violent purgative. 
But the pure rubber now under examination is absolutely insoluble in that 
vehicle. 

Insolubility in alcohol. — It is likewise insoluble in alcohol, and, if sometimes 
certain rubbers on being treated with boiling alcohol cede to it about 2 per 
cent, of a greasy amber-coloured fusible body, it is because they have been 
subjected to the oxidising action of air and light, an alteration which will be 
discussed when the influence of atmospheric agents on caoutchouc falls to be 
considered. 

Other solvents. — Ether, carbon disulphide, light coal-tar naphtha, petroleum, 
spirits of turpentine, fatty and essential oils, several mixtures of these with other 

^ The authors are more sanguine than what has been done in this direction up to now 
justifies. — T r. [The above remark was criticised in certain quarters when the first English 
edition appeared in 1903. Time has justified the remark.] 
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liquids, and, finally, according to Kletzinski, even boiling naphtbaline, insinuate 
thenaselves rapidly, like water and alcohol, into the pores of the caoutchouc, 
causing it to swell enormously, and apparently to dissolve it. But what is often 
regarded as complete solution in such cases is only in reality the result of the 
interposition of the dissolved portion in the very swollen portion, the latter having 
preserved the primitive form, greatly enlarged, and being therefore easily 
disaggregated. 

Separation of the soluble a7id insoluble portions. — We can therefore, by the aid 
of a sufficient quantity of each solvent, almost completely separate the two portions 
by renewing the liquid without agitation and without disaggregating the greatly 
swollen but undissolved residue. The easily dissolved portions vary between 3 and 
7 per cent., with the quality of the samples and the nature of the solvent, but the 
properties of the two portions remain distinct after their separation and evaporation 
of the liquid solvent. 

Table XXVIII. — Showing Solubility op Inbiaeubbeb in various Solvents 

(Tschirsch). 



A. 

B. 

C. 

D. 

E. 

E. 

Para- 

[Soluble . 

. Insoluble 
[Water 

54 

45 

1 

45 

52 

3 

62 

31*3 

6*7 

51 

46 

3 

59 

39 

2 

63 

33 

4 

Para 

Masticated' 

[Soluble . 

Insoluble 

Water 

76 

22 

2 

73*8 

20*8 

75 

24*5 

0*5 

64 

35 

1 

71*5 

25*0 

3*5 

96*5 

0*5 

3*0 

African 

Medium- 

Batanga 

'Soluble . 

Insoluble 

Water 

94-0 

3*0 

3-0 

94*0 

3-0 

3*0 

94*0 

2*0 

4*0 

85*5 

9*5 

5*0 

92*0 

3*0 

5*0 

94*0 

3*0 

3*0 


A, B, C, D= Petroleum ethers of different boilingqjoints : A, boiling-point over 
60° 0. B, boiling-point under 60° G. C, boiling-point over 60° 0. ; the 
rubber was then treated with alcohol. D. boiling-point under 60° 0. ; the 
rubber was then treated with alcohol. E, benzol boiling between 35° and 
110° 0. E, chloroform. 

Their different properties. — The undissolved portion is less adhesive, but more 
tenacious \ it retains the greatest part of the brown colouring principle of the 
commercial varieties. The soluble portion, more especially that first dissolved, is 
decidedly more adhesive, softer, more elastic, less tenacious, and less coloured. 
Anhydrous ether extracts from translucid rubber of an amber colour 66 per cent, 
of a colourless soluble substance, and leaves 34 per cent, of a fawn-coloured body. 
Anhydrous and well-rectified spirits of turpentine separates distinctly from com- 
mercial brown-coloured varieties of rubber 49 per cent, of soluble amber-matter, 
and 51 per cent, of translucid insoluble matter retaining the brown coloration. 
The ether solution of rubber is precipitated by alcohol, yielding a milky emulsion 
analogous to the natural juice of the latex. Heavy coal-tar oils dissolve 5 per 
cent, of their weight of caoutchouc, whilst the light oils dissolve as-miich as 30 per 
cent. Only the mo^t highly volatile solvents used in the i'ndustry. — The best solvent 
according to Gerard, is a mixture of 100 parts of carbon disulphide and 5-J per 
cent, of absolute alcohol. A clear solution like water is claimed to be obtained 
with this mixture, which on evaporation leaves the indiarabber under the form of 
an extremely thin and pure pellicle (British Patent, 13,069; 1850). Gerard, 
being specially engaged in drawing rubber out into cylindrical threads, prepared the 
paste by using carbon disulphide, mixed with 5 per cent, of ordinary alcohol. 
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This alcohol, containing 15 per cent, of water, hinders solution, and conditions are 
thus realised for a swelling of the rubber favourable for kneading, and which 
facilitates the passage to the draw-plate without effecting real solution,, which 
would much diminish the tenacity. Generally, rubber solutions yield on evaporation 
a pitchy, tacky residue ; the slower the evaporation the more do these properties 
manifest themselves. In industry, therefore, only, the most volatile solvents 
are used.^ 

The mrvous and adhesive principles of rubber, — Solution in above vehicles is 
thus only partial. Rubber, in fact, consists of two isomeric substances, one 
of which, solid and elastic, resists almost all reagents ; the other, semi-liquid and 
tacky, is much more easily attacked and dissolved. It is to this second body that 
rubber owes its property of soldering itself to itself when its recently cut surfaces 
are strongly compressed. To the first body the name of nervous principle is given, 
and to the second the term of adhesive principle is applied. If these two isomeric 
proximate principles be separated by appropriate solution, neither of them preserves 
the elastic and extensible properties to the same extent. “It would appear,” says 
Payen, “that the adherence between the lubricated filaments by a greasy body, 
rendered supple by the soluble and soft portion, had been partially destroyed.” 
If indiarubber, cut into the form of rectangular prisms, be kept ■ immersed in a 
large* excess of solvent, it will be seen to swell gradually from the superficies to the 
centre. The augmentation in volume of the undissolved portion may be determined. 
When the swelling is finished, the dimensions of the sides are tripled in benzine, 
anhydrous ether, spirits of turpentine, as well as in a mixture of 100 of carbon 
disulphide with 4 of hydrated ether. The total volume therefore was equal to 
twenty-seven times the original volume, even though this increase only applied 
to the undissolved portion, the soluble portion being diffused in the liquid. A 
mixture of six volumes of ether with one volume of alcohol swells caoutchouc so 
as to quadruple its volume, but only appreciably dissolves the less nervous and 
most adhesive portion. In cold, rectified petroleum oil, an increase of thirty 
times its volume has been observed, but without taking the dissolved portion into 
account. 

Microscopical examination of the swollen insoluble, portion of rubber. — If the 
portion of rubber most resistant to solvents be examined under the microscope with 
a magnifying power of 300, it shows a reticulated texture, the anastomosed 
filaments of which stretch and swell, absorb the above liquids, and contract 
proportionately as the operation goes on. 

Parhes^ solvent — Thiocamf. — Parkes patented, as an excellent solvent for 
caoutchouc, the liquid obtained by passing a current of gaseous sulphurous 
anhydride over camphor (British Patent, 11,147 j 1846). See also Professor 
Emerson Reynold’s Thiocamf (British Patent). 

Gaoutchoucene. — The liquid hydrocarbide obtained by the distillation of 
caoutchouc is an energetic solvent. But it and the preceding are too dear to 
permit of actual use. 

The extent to which rubber dissolves in benzol. — Heeren determined the solvent 
power of benzol on twelve principal varieties of commercial rubber. The samples, 
continuously kneaded by hot rollers, were afterwards cut into straps thin enough to 
be placed in small flasks, and then drenched with a sufficient quantity of benzol 
to completely moisten them. After sufficient digestion, ‘ enough benzol was 
gradually added to convert all the samples into a syrupy consistency by 
frequent agitation. He thus got an equal degree of liquefaction with all the 
samples tested. A small portion of the liquid so obtained was taken from each 
sample, weighed on tared watch-glasses, and evaporated in the drying-oven 

The translator in the first edition of Livache and MTntosh’s “ Varnishes,” recommended 
warm liquid terebinthine (pinene) hydrochloride — an artificial camphor residual — as the best 
solvent for rubber. It is the only solvent which he has found to act visibly and energetically. 
Possibly this is the rubber solvent referred to as terpineol by W. F, Reid. It is difficult to 
see how terpineol can be an artificial camphor residual. 
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until the benzol had completely disappeared. The following table gives the 
results : — o o 


Table fXXIX. — Solubility of Commeecial Rubbee in Benzol (Hebeen). 


Variety of Commereial Rubber. 


Guayaquil 
Para . 
Carthagena 
Borneo 
Africa . 
Oeara , 
Mozambique 
Quisambo 
Rangoon 
Knikels 
Niggers , 
Madagascar . 


Percentage 
of Rubber in 
Solution. 


20*0 

17*0 

16*1 

13*8 

12-7 

12-0 

11*5 

9*1 

9*0 

8*6 

7*8 

5*8 


That is to say, 
100 Parts of Benzol 
dissolved. 


25*0 
20*0 
18*0 
16*0 
14*6 
13*6 
13*0 
10*0 
9*8 
9 '4 
8*5 
6*0 


_ A very curious conclusion may be drawn from Heeren’s results. The figures 
given in the above table show a very marked solubihty in the ease of Para rubber 
whilst Madagascar rubber only indicates an excessively poor relative solubility! 
Nevertheless, both of these species of rubber are varieties pr^erred and sought after 
in commerce and industry, each for special applications. Obviously the two 
rubbers are not esteemed for the same reason, and are not utilised in industry for 
the same purposes, the one containing more nervous matter and the other more 
soft and adhesive substance. 

General remarh appUcahle to all varieties of rubber avd^all solvents 
solvent and rubber should be exempt from water or moisture within the limits of 
the possible ; if it only be desired to soften the rubber without dissolving it 
hydrated solvents are preferable. ® ’ 

Actwn of atmospheric agents— Modifications in colcmr cmd chemical composi- 
Uon—Mtller’s Atmospheric agents exert a very decided action on 

natural rubber. Both air and light alter the colour of rubber, and the longer rubber 
is exposed to these agents the more the colour is accentuated. Not only is the 
colour changed, but the proximate principles constituting the substance are like- 
wise modified. 


Table XXX. Percentage of Oxygen in Different Portions op Planta- 
TioN Rubbee Feactionally Sepaeated theeepeom by Solution in 
Peteoleum Ethee (Fendlee). (See Table XXXVIII.) 



Oxygen in Portion 
Soluble in Petroleum 
Ether. 

Oxygen in Portion 
Insoluble in Petroleum 
Ether. 

Ceylon Para .... 
Togo Manihot 

East African Manihot 

Per cent. 

2*66 

5*48 

Per cent. 

17*00 

26*09 

26*8 


Miller made interesting experiments on this subject. He exhausted, by benzine 
a piece of goods waterproofed by indiarubber, and which in that state had remained 
during SLx years in contact with the air. Benzine only partiaUy dissolved the rubber 
and the dissolved product left on evaporation of its solvent possessed altogether new 
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properties : it resembled shellac ; it dissolved in alcohol, chloroform, benzol, and 
alkaline solutions, but was insoluble in spirits of turpentine, carbon disulphide, and 
ether ; on distillation it yielded water, which proved it to contain oxygen. The 
author gave its composition as — 


Table XXXI. — Showing Ultimate Analysis oe Rubbee Exteacteb eeom 
Wateepeoof Goods aetee Six Yeaes’ Exposdee to Aie. 



Per cent. 

Carbon 

64*0 

Hydrogen . 

8-46 

Oxygen 

27-54 


100-00 


This alteration, much more rapid in the case of normal caoutchouc than in 
that of the natural rubber, is more apt to take place when it is exposed alternately 
to air, to the sun, and to moisture. The substance then acquires a penetrating 
odour, and it becomes at the same time soft and less resistant (Payen). Vulcanisa- 
tion impedes this alteration or rather transformation (Warren de la Rue and Abel). 
The action of light on natural rubber is very singular, and has been taken advan- 
tage of technically. If a sheet of rubber be exposed to sunlight for a few hours, 
the surfaces exposed, laid on, and pressed on to a lithographic stone, it communi- 
cates to the latter the property of assimilating lithographic ink, which is not the 
case with the portions which have remained in the shade. If a layer of indiarubber, 
dissolved in benzol, be spread upon paper, and if after evaporation of the solvent 
this sheet be exposed under a negative, it may then be laid on a lithographic stone 
and used to make very delicate reproductions. This property is utilised in photo- 
lithography. The action of air, in absence of light, would appear to be less 
energetic, especially during a more or less prolonged period. If the action of heat 
be combined with that of air and atmospheric oxygen, the alteration is more 
appreciable, and light is not even indispensable. Chapel examined a sample of 
decomposed Accra rubber. It appeared to the naked eye as a sticky substance, 
but microscopic examination showed that decomposition was only partial; the 
soft substance had been attacked, but the nervous part had resisted alteration more 
energetically. 

To determine why rubber perished, L. Clark tested natural Fara prima (A,) 
against normal Para sheets {£.). Here are the results as given in the Moniteur 
Scientifique de Quesneville, March 1872. (X.) Natural Fara prima, — One ounce 

(31*3 5 grammes) of rubber was used in each experiment. The rubber was in the 
form of a narrow ribbon, drawn out while hot, and suddenly cooled. Its colour 
was a very pale brown. The different samples were submitted to the tests at the 
end of October 1859, and examined nine months afterwards, 4th August 1860. 
Ho. 1, placed in a net and exposed in the sun, open to air and rain, had become rotten, 
but it was neither viscous nor pulverulent. Its weight had increased 2*23 grammes, 
say 7 per cent. No. 2, exposed to air and light, but kept dry in a flask turned 
upside down, had increased 2*8 per cent, in weight in consequence of the absorption 
of oxygen, and had become brown, soft, and viscous, especially in the parts most 
exposed to the light. It yielded to alcohol 11*81 per cent, of a soft, viscous, 
oxidised resin. No. 3, exposed to diffused daylight, in open flask,, filled with soft 
water, had become white and opaque bj^ absorption of water, and increased 17 per 
cent, in weight, but it had undergone no alteration in its chemical properties.; 
dried, it regained its original properties. No. 4, exposed to diffused daylight, 
-in open flask, filled with sea water, had absorbed 3*6 of its weight of water, and its 
chemical composition was not altered. (-5.) Sheet of rolled Fara, — A similar series 
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of experimentis were performed on a sheet of rolled rubber. No. 1, . exposed to sun 
and rain, had segregated into a tacky mass, and lost, tenacity and elasticity. 
No. 2, exposed in an inverted flask to air and diffused daylight, had increased in 
weight 0-52, say 1*6 per cent. It formed a small viscous mass, and had lost its 
elasticity, more especially in portions most exposed to action of light. Treated 
with alcohol, it gave up to that solvent 12*64 per cent, of its weight of a resinous 
body. No. 3, the changes presented a marked contrast with preceding observa- 
tions in No. 3 of first series, which had been preserved in a glass flask kept in 
darkness, but open to air during same time. The sample had, in this case only, 
increased 0*6 per cent. It showed no signs of alteration so far as tenacity 
and elasticity were concerned, and only yielded 2 per cent, resin to alcohol. 
No. 4 consisted of a sheet of the same rubber which had been steeped in soft 
water in the open air and in diffused daylight. It had increased 87 per cent, in 
weight by the absorption of water, ie. its weight had almost doubled. It had 
become white, opaque, pitchy and tacky to the ' touch, and on pressure allowed the 
water , which it had imbibed to escape. Exposed to the air, it quickly lost the 
weight which it had gained. No. 5, similar to the preceding, but immersed in 
sea water ; it was slightly tacky and opaque, but had only increased 6 per cent, in 
weight by absorption of the liquid. A second sample, placed in a flask filled 
with sea water, gave off a smell of sulphuretted hydrogen, and gained 5*6 per cent, 
in weight. It had neither lost in elasticity nor in tenacity. Latimer Clark’s experi- 
ments show that if air and light combined have a baneful action on rubber, this 
action is worse in the case of the rubber which had undergone a mechanical trans- 
formation, and that the natural rubber is more resistant. They show, moreover, 
that immersion in water, and particularly sea water, is a preventative against this 
alteration. It is the duty of those actually engaged in the industry to profit by 
these remarkable properties. 

Action of reagents. — 1. Acids {dilut^ and ca/astic alkalies. — These act but 
little on indiarubber. 

2. Hydrochloric acid {concentrated) — both liquid and gaseous — attacks rubber. 
The change it undergoes is but little known. 

3. Nitric acid {concentrated) attacks it feebly in the cold, energetically in the 
hot ; colouring it yellow at first instance, it transforms it eventually into a greasy- 
looking body with disengagement of nitrogen, and finally into carboniii-acid and 
oxalic acid.^ By prolonged ebullition, the greasy-looking substance is'^^olved into 
campho-resinic acid. Nitrous vapours act very violently and rapid^ decompose it. 

4. Sulphuric add {concentrated) acts upon rubber as it doesmpon cork, and 

clears the surface even in the cold. The hot acid decomposes rubber very rapidly, 
with disengagement of sulphurous acid and carbonic acid. ^ 

A mixture of sulphuric and nitric acid attacks rubber very energetically. 

5. Hydrofluoric add, like the organic acids, has no action on rubber, 

6. Halogens — Chlorine. — Gaseous chlorine exerts a very energetic action on 
rubber, deprives it of its elasticity, and finally renders it hard and brittle, Hartzig 
took advantage of this property to make some experiments in vulcanisation by chlorine. 

• 7 . Iodine and bromine exert an analogous action to that of sulphur. The 
reasons why the former acts more energetically than the latter are given in the 
special chapter on vulcanisation. 

8, Sulphur.— same remark applies to sulphur. Its action — as well as 
that of the alkaline sulphides, the sulphides of the alkaline earth, the metallic 
sulphides, and cHoride of sulphur — is of great practical importance. If in some 
way or other indiarubber be mixed with these substances, and the mixture heated, 
the sulphur is more or less absorbed. According to the quantity of sulphur 
absorbed, and the amount of caloric which has intervened, the rubber becomes 
transformed into a more or less hard and elastic substance, which successively 
assumes the names of wdcanised rubber, hardened rubber, ebonite, etc. These 
transformations, of great importance industrially, form the subject of a special chapter. 

9. Alkalies, even if caustic, only act feebly on rubber. This is not quite 
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the case if the mixture be heated, after a previous more or less prolonged digestion. 
The substance then softens, becomes tacky, and then dissolves in small quantity, 
according to Muspratt. Ure, on the contrary, asserts that caustic potash, even in 
very concentrated solution, leaves the substance intact. But experience teaches 
that if rubber be heated in a sealed tube to 100“ C. (212“ F.) for forty-eight hours 
with ten times its volume of liquid ammonia, the mixture is transformed into a 
kind of soapy emulsion having almost all the propei-ties of the latex. , This solution 
leaves- the rubber on evaporation in an almost chemically pure state, but it retains 
a slight alkaline reaction, which it is difficult to free it from entirely. Ammonia may 
be regarded as a preservative; immersed in dilute ammonia (1 to 2) rubber goods 
become slightly more pliant. 

Here terminates the summary study of the physical and chemical properties of 
natural rubber. Following the logical sequence, this should be the place to treat 
of the chemical transformations which rubber undergoes under the action of sulphur 
and its compounds, and of chlorine, bromine, and iodine. But for the better under- 
standing of our subject it is necessary, before commencing this study, to know the 
mechanical transformation which natural rubber has to undergo before the manu- 
facturer can use it for a special purpose. Before starting on the vulcanisation of 
indiarubber, it is, in fact, necessary to dwell on the different operations by which 
raw rubber is purified and normal rubber prepared. 

Teanslator’s Note. — The history of isoprene is interesting, ‘as it is the supposed 
source of synthetic rubber. Berthelot was the first to express the belief that the 
terpenes might owe their existence to the more or less advanced state of polymerisation 
of a radical! with the formula CsHg, and to his hypothetical pentene he gave the name 
of terene, the terpenes OioHjq being the diterenes and the products of more advanced 
condensation, the treterenes. The soundness of this theory has been proved by the 
examination of a carbide possessing this formula, which is formed, as we have just 
seen, in the destructive distillation which indiarubber or spirits of turpentine 
undergoes when exposed to a red heat. Long ago it was observed that volatile and 
liquid hydrocarbides were produced by the action of heat upon indiarubber. This 
is a phenomenon of retrogression accomplished by the destructive force of heat, 
which reduces the polymerised terpenes (CgHg)^ into the formula of the simple 
hydrocarbide CgHg. Greville Williams’ and Bouchardat’s researches have already 
been described, and need not be further adverted to, but perhaps the most salient 
feature in the history of the pentene CgHg is its decided transformation into 
dipentene (CgHg)®. (As already mentioned, Himly had observed in the products 
of the destructive distillation of caoutchouc a compound boiling at 171“ C., 
having the formula CigH^g, which he called caoutchine.) This condensation is 
effected by simply heating isoprene to 280“ to 290“ C. in sealed tubes in an atmo- 
sphere of carbonic acid. Amongst other products a carbide is obtained boiling 
between 176“ and 180“ C., having at 0“ C. a density of .0‘866. It absorbs gaseous 
hydrochloric acid, yielding a monohydrochloride boding at 145“ C. under a pressure 
of 10 millimetres, and a solid dihydrochloride melting at 49*6“ C. It therefore has 
all the properties of dipentene. Again, this identity of caoutchine with dipentene is 
confirmed by its transformation by Bouchardat and Lafont into inactive terpineol. 
They heated caoutchouc with gracial acetic acid to 100“ C. for sixty hours. An 
acetate was thus formed which, soponified by alcoholic potash, produced a colourless, 
viscous, odourless substance, distilling in vacuo between 114“ and 118“ C., corre- 
sponding to the formula CigHigO and crystals melting at about 25“ 0, capable of 
producing the crystalline form of a terpineol prepared from terpin hydrate. In 
spite of the too low melting-point, due to a trace of impurity, there is no doubt 
but that the body thus obtained is inactive terpineol. 

Mokievsky has examined isoprene originating from the destructive distillation of 
spirits of turpentine. By combining it with hypochlorous acid he has separated 
two compounds responding to the formulae of CgH;^;^ CIO and OgH^g ClgO, The 
first, boiling at 141“ C., treated by potash, yielded trimethyl-ethylene oxide, which 
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was afterwai'ds transformed into tlie corresponding glycol. The second compound, 
resulting from the combination of the carbide CgHg with two molecules of acid, 
boils at 81'* G. The isoprene in question therefore contains trimethyl-ethylene as 

well as pentene. ^ i ttt- x- j 

The constitution of isoprene has been reliably established by Wipatien and 
Woeittf, who, working on isoprene boiling at 33° to 38° from the destructive distilla- 
tion of indiarubber, treated it in the cold state by an excess of an acetic solution, 
hydrobromic acid. They thus obtained a mixture of the hydrobromides, which they 
fractionated under reduced pressure. The first runnings of small amount distilled 
under 74° C. under 16 millimetres. It consisted of tertiary amytic bromide from 
the trimethyl-ethylene. The main fraction distilled at 74“ to 75° 0. It consisted of 
^-dimethyl trimethyl-ethylene bromide. 

g^s\cBr-CH2-CffBr 

identical mth that yielded by dimethylallene under similar circumstances. 
Isoprene has therefore got the foUo'wing constitution ; — 

^^2\c-CH = CH3 

This formula is confirmed by synthesis, ^-dimethyl-trimethylene prepared from 
dimethylallene, jtreated with alcoholic potash, ’yielded a carbide boiling at 32° to 33° 0., 
possessing the characteristic odour of isoprene, giving none of the reactions of the 
allenic or acetylenic carbides, and possessing in fact the formula CgHg. Treated by 
hypochlorous acid it yielded Mokievsky’s fusible chlorhydriij.. This formula, more- 
over, fits in well with the condensation of isoprene into dipehtene. 


CH3 


cm 

1 
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i 
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HCf \cH2 
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OH 
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/\ 

CHS CH2 


CH8 CH2 


But this formula has been further confirmed by Euler’s synthesis. Propylene 
bromide treated by potassium cyanide yields dicyanhydrin identical witli the 
dinitrite of pyrotartaric acid, 

CN-CH-CHa-CN 

CHS. 

Reduced by sodium and alcohol this nitrite yields a base /S-methyl-tetramethylene- 
diamine. 

H^N - CH2 - CH - CH2 - CH2 - ISTHs 

I 

CH3 

starting from which ^-methyl-j^yrrolidine is prei}ared, 

. NH 


H^Ci 


|GH2 

-HO 


0H2 
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a ba^e wHoli treated by methylic iodide and potash yields the iodo-methylate of the 
methyl derivative— 

CHS 


OHS-N-I 


H^C, 

CHS-Hcl 


CHS 

CHS 


The latter distilled over solid potash yields an oUy base boUing at 112 ° to 116° C.,. 
having the constitution of dimethylated j 8 -methyl-pyrroUdine, 

h/chs ^/GW 

. ^CH8 . NCHS 

\ or / 


HSCi 

CHS-ci 


CHS 

CHS 


HsCi 

OHS-HC 


iCHs 

ICH® 


This new base in its turn absorbs methylic iodide producing an iodo-methylate, 
which distilled with potash splits up in its turn into trimethylanine and a hydro - 
carbide, 

ISr(OHS)2I N(CH3)2I 

CH 2 CH 2 


H 2 C| 

CH2-ol 


CH 2 

CH 2 


H 2 C 

CHS-HC 


|CH 2 

OH 


CH3-C— .OH 


This hydrocarbide boils at 33" to 39" 0., is endowed with the smell and all the 
reactions of isoprene. « - 

The following synthesis in the terpene series has been effected by RebonJ, 
valeryllene or dimethylallene — 

is polymerised under the influence of sulphuric acid. Two products result from 
this polymerisation, the one answers to the formula CioHigO, and possesses, accord- 
ing to Keboul, a strong smell of peppermint and turpentine. The other has the 
formula of a sesqui-terpene C 15 H 24 or (CsHg)^. It boils between 565" and 275" C., 
and smells of turpentine. 


CHAPTEE VI 


"MEOHANIOAL TEANSFOEMATION of ISTATUEAL EUBBEE INTO 
WASHED OE NOEMAL EUBBEE (PUEIFICATION)— SOFTENING, 
CUTTING, WASHING, DEYING, STOEAGE. 

Preliminary observations. — The raw material as it comes on the international 
markets, to be afterwards distributed amongst the industries which are to transform 
it into manufactured products, has alone been dealt with up to this point. But 
the high price which the article commanded from the very beginning of the rubber 
industry, together with the ignorance, apathy, and greed of the collectors, very 
soon led to fraud, and, in the humorous definition of Eousseau, the maoviifactv/re 
of indiarubber is the art of incorporating with it cheap substances without too fa/r 
di/minishing its particular properties. To be just, Eousseau might have added, 
“ and to improve it in certain cases ” ; for there can be no doubt that sulphur or 
its compounds, far from being injurious, can only increase the value of indiarubber. 
If rubber came to market in a suitable degree of purity, the manufacturer could 
use it at once as it comes from the producing centres. It is very rare, however, 
that this is so, and, more ' especially wild rubber, some- sorts of Para prima and 
plantation rubber excepted, rubber as imported always contain a more or less 
important quantity of foreign bodies, water, salts, earth, sand, vegetable debris, 
introduced into the goods, either during the collection of the latex, or during 
coagulation, or even during packing and transport. Para prima itself is not 
always exempt from such addition, whether fraudulent or not, and, some lots in 
bottles excepted, wild rubber must undergo a series of preliminary operations 
intended to purify it and free it from foreign matter. This purification process 
is commonly called the regeneration of the rubber. But as the rational cultivation 
of rubber extends in the tropics, accompanied by rational methods of treating the 
latex, the quality of the rubber put on the European markets must improve. At the 
23resent moment, however, it is vexing that preliminary purification should be 
necessary. Besides the considerable expense which it entails — the simple process 
par excellence being yet to be discovered — this preliminary work, more or less, 
deteriorates the quality of the substance, diminishes its resistance ; in a word, it 
wvnerves it. Purification is absolutely indispensable in any case, but more 
especially when the rubber is to be used in a state of solution. The history of 
purification is not a long one. Mechanical processes have nowadays superseded 
the early-day hand processes. The former cleanse more thoroughly; but the 
mechanical jmlling about in every direction which the rubber suffers, far from 
improves its elastic and plastic qualities. 

The storage of raw rubber — Site for store — Precautions. — Before discussing 
these four jjreliminary operations, it will be useful to mention what a well-equipped 
raw rubber store should be like. Generally, the manufacturer does not use up, 
all at once, the stock which he has received from the port of landing. He buys 
according to foreseen needs, but, as i^rices are liable to rise or fall, he makes his 
purchases at the right time. He must therefore store this stock, and the choice 
of a suitable site, so far as the preservation of a substance so liable to change as 
rubber is concerned, is important. The most appropriate warehouse is a rather 
dark, well ventilated cellar, so arranged that one lot is not heaped on the top of 
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another, or alongside, but widely separated either by wooden or masonry partitions. 
If one and the same lot be too bulky, it will not do to pile it up to too great a 
height. Two cubic metres of cakes or balls are the extreme limit to which a 
manufacturer should go in storing his stocks of rubber, with a constant division 
of say 10 inches between the lots. The floor of the warehouse ought, as far as 
possible, to be made of asphalt or cement. In concreting a floor on a level with 
the ground, it is sometimes useful, in case of flooding, to give it a slight rising 
longitudinal slope from one gable to another. These precautions are indispensable 
owing to behaviom' of rubber during storage. 

The cleansing processes as carried on nowadays are four in number — 1. Soften- 
ing, or superficial washing. 2. Slicing. 3. Washing. 4. Drying. 

1. Softening] or mperficial washing , — As it comes from the warehouse, the 
rubber undergoes the process of softening. It is then too firm and hard to be 
wrought, and at the ordinary temperature of our climate it is necessary to soften 
it whatever may be the form of the block. This, the most simple operation of all, 
consists in immersing the rubber in water, heated by a steam jet (a wooden vat is 
the best vessel), and keeping it in this bath for from twelve to twenty-four hours. 
With certain varieties it is advisable to add a little caustic soda to the water. 
Acidulated water is not to be recommended. The alkaline ley cleanses the surface 
better, especially any re-entering angles, and the woody fibre is better disintegrated. 
A sickening smell is given off from these vats, recalling the primitive methods of 
collection, especially in case of 
African rubber, 

2. Slicing , — When the rubber 
is sufficiently soft, the large blocks 
are sliced. They are generally cut 
up into small coarse fragments of 
3 to 6 cubic centimetres (say IJ 
to 2 cubic inches) in volume. 

Those kinds which come to the 
factory in very small lumps do 
not need to be cut up ; they pass 
directly from the softening vat to 
the washer. The slicing is done, Tio. 39.-- Machine for cutting up raw rubber, 
either by hand, by means of a 

big knife with a long blade drawn out to a point, or, mechanically, by means of 
a circular beater, as described by Heinzerling. This beater consists of an iron 
wheel of 30 centimetres (say 12 inches) in diameter and 20 centimetres (say 
8 inches) in thickness, provided with several cutting blades, fixed obliquely, and 
going beyond the periphery some millimetres, and working as shown in figure. 
The wheel is driven by a belt, the cake of rubber is placed between the wheel and 
the, palette, working in connection with a hinged lever attached to a pedal. When 
the workman places his foot on the pedal and adds to it by the weight of his 
body, the inferior rod lowers, and the lever, by means of the palette, pushes the 
rubber against the wheel. To stop the machine, the lever is drawn behind by the 
hand of the workman, who draws his foot off the pedal j the latter is provided 
with a counterpoise which facilitates this movement. The wheel revolves at great 
speed. In France, different machines, based on the mechanical action of a 
circular saw without teeth, but very sharp, are used. The blade of this saw dips 
into a small trough filled with water. It is thus kept continually moist and cool, 
to prevent adherence or heating, and enable it to get a cutting grip of the rubber. 

3. Washing , — ^This operation, the essential part of the mechanical trans- 
formations which rubber undergoes during purification or regeneration, consists 
in passing the softened rubber, whether cut up or not, through very powerful 
machines capable of freeing it from foreign bodies imprisoned in its mass, 
which would be prejudicial to any further treatment. The old process^ that 
of the mortar, is now obsolete. The German process, called the shredding 
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{a raboter) machine process, and the Dutch process, both are likewise obsolete* 
The British process, generally adopted, involves the use of the shredding or 
tearing machine {ddcUqueteur on dcrasewr). This machine consists of two rolls 
of hardened cast-iron, placed horizontally opposite each other ; turning in opposite 
directions and with differential speed, only one of these is driven directly. It 
transmits its motion to the second by straight helicoidal or chevron gearing 
according to force required. Sometimes the rolls are fluted (covered with spiral 
hollows) ; sometimes they are smooth ; sometimes one is smooth, the other striated 
or fluted : in any case the arrangement is the same. 

British and American types of washing machines. — British and American 
factories prefer grooved or fluted rolls. The grooves in America are made 
especially of a spiral shape \ whilst in Britain they more generally intersect in the 
form of lozenges. The asperities of the rolls thus facilitate the shredding ; they 
penetrate into the rubber, and crush all the foreign bodies which it may contain. 
The two rolls (Fig. 40) rest upon two strong cast-iron supports by means of 



Fig. 40. — ^Washing machine. 


.stufiing-boxes fixed in the spaces left vacant for the purpose in the casting. The 
two stuffing-boxes of the roll at the back of the machine abut against the 
bmlding ; the two stuffing-boxes of the front roll are supported by two tightening 
screws. The two rolls are driven by gearing shown in the drawing; they revolve 
in oppomte directions, and in the machine iUustrated are driven by an intermediate 
shaft Washing machines, as just stated, are also constructed of a different pattern 
in wffich the revolving motion is directly transmitted from one roll to another. ’ 
Tightening and slackening ^ the rolls. — The two rolls may be brought in contact 
by manipulating the tightening screws. To obtain the inverse motion, all that 
has to be done is to slacken the screw; the rubber fed into the machine whilst in 
motion pushes back the roll by the simple pressure which it exerts. Underneath 
the rolls IS a wrought-iron collecting tank covered by a perforated plate. Water 
from a distributing pipe (Fig. 41) flows between the two rolls, and the wash water 
runs away through another pipe placed in the bottom of the tray. This water is 
automaticaUy on the periphery of the rolls by a pump driven by the motor 
sHatt, which aspirates it from the tank below the washer. This current of water 
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facilitates the “ washing ” of the rubber it dissolves, or removes certain impurities 
. brought to the surface by the continuous renewing of that surface. To start washing 
or shredding, a very small quantity of rubber is introduced between the rolls whilst 
in motion, say 1 to 2 kilogrammes (say 2j to 4 |- lb.) at the most, according to the 
strength of the machine, and the water-tap is turned on. The distance is regulated 
to 3 to 6 centimetres, or from 1 to][2 inches. The rolls revolve in contact with 



each other, the substance is drawn in, crushed and transformed into a thin sheet, 
which is passed a certain number of times through the rolls. If 'too much sliced 
rubber were fed into the machines at once, it would be very liable to break them. 
The rubber is crushed, torn, flattened, laminated, and drawn out, the wash water 
finding its way in-te all pores, dislodges earthy matter, and canies away foreign 
bodies in its train. The resulting product is a kind of lacework, — crejoe, felts, — 
the surface of which is rugose and dotted by an infinite number of asperities, 
sep 0 .rated by cavities which give to it a characteristic appearance. 


140 


INDIARUBBER 


Size^ etc,, of rolls, — Machines vary in size. Generally the rolls are 0*60 to 0*65 
metre (say 23^ to 25 J inches) long and 040 to 0*45 metre (say 15| to 17f inches) 
in diameter; the revolving speed is then eight to twelve turns of the one to three 
to four turns of the other. 

Hollow steam-hmted rolls, — In Certain factories the rolls, . instead of being 
solid, are hollow, and so designed that, as occasion I’equires, a current of steam 
may be injected into them. They then serve two purposes. All varieties^ of 
rubber are not washed with the same ease. Para, as it contains but few impurities, 
is the most perfectly and most rapidly washed. Greasy, tacky rubbers are not 
easily freed from foreign bodies, and one is often obliged to give up the idea of 
eliminating the impurities which remain glued in the mass. Some Guayaquils 
are especially intractable. Yery dry] rubbers cannot be rolled into lacework, the 
fragments do not agglomerate together, and in certain cases they come out of the 
washing machine in the state of powder. After appropriate washing, the shredded 



' Pia. 42. — Bolls for washing machines. 

lacework or sheet contains no foreign substance except water. Drying is thus the 
final stage of the “ washing ” process. 

4. Drying, aeration, and illumirwition of drying-room — Loss in washing , — 
Washed rubber is dried by spreading the “skins” on stretched iron wires, or in 
stoves capable of being heated to 60® to 60® C. (122® to 140® F.). This’ simple 
operation requires no important remark. It may, however, be observed that 
“greasy,” “tacky” rubbers require to be dried at a low temperature; by drying 
them at too great a. heat their natural defects would be accentuated, the skins 
would be torn, would fall on the ground, and agglomerate into lumj^s, from which 
the moisture could only be evaporated very slowly and with great difficulty. 
Good, well regulated ventilation accelerates the operation, which in summer is 
finished in ■ a few days. In winter, drying natiually takes longer, and steam 
drying, done with great care, assists in the worJc. In regard to light, there is 
a drawback to leaving the rubber exposed to this atmosiffieric agent. The darker 
the drying-room is kept, the more valuable is the resultant dried rubber. Stor- 
ing *the washed rubber, — ^When dry, the rubber is lifted off and formed into 
bundles by folding it like cloth, or, better still, by rolling it up on itself. The 
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rubber is stowed in bundles in a part of tbe warehouse used specially for this 
purpose, and protected from moisture and light, where it remains until required 
for industrial purposes. Loss in weight in loashing and drying of raw rubber . — 
Washed and dried rubber loses in weight in the process. The difference between 
the weight of the raw rubber and the net weight in the dry state gives the loss on 
washing. This factor varies greatly, and, with inferior kinds, may rise as high as 
60 per cent, of the initial weight; good sorts generally lose 15 to 20 per cent. 
The following table indicates the loss in the case of some rubbers. The figures 
are not at all given as constant or absolute. It is not rare to meet with two lots 
of the same rubber, sold as being of the same quality, which yield losses which 
may differ to the extent of 15 to 20 per cent, from the averages indicated. 

Table XXXII. — Showing Loss on Washing each Commercial Brand of 

Crude Rubber. 


Hind of Rubber. 

Loss per 
cent. 

Kind of Rubber, 

Loss per 
oent. 

Para 

10 to 16 

Griiatemala , 

20 to 40 

Sernamby .... 

15 to 35 

Assam. 

10 to 30 

Mozambique (spindles) 

16 to 25 ■ 

Java . 

20 to 35 

Mozambique (rose-red balls) 

15 to 25 

Borneo 

10 to 45 

Colombia .... 

10 to 25 

Guayaquil . 

30 to 60 

Peru (sheets) . 

30 to 40 

Senegal, Soudan . 

20 to 35 


Good dried washed rubber contains about 0*5 to 3 per cent, of impurities. 
Although trade exigencies lead to the use in factories of imperfectly dried rubber, 
it would be highly desirable, from a manufacturing point of view, only to use an 
absolutely dry substance. 




CHAPTEE VII 


MEOHANICAL TEANSFOEMATION OF NORMAL RUBBER INTO 
MASTICATED RUBBER . 

Definition of mastication . — ^As it cornea from the washer, the dried rubber is 
ready to be treated with solvents. But unless it is to be used industrially, in the 
state of solution, washed rubber has no direct application ; it is simply a stage 
through which the substance passes before being transformed into manufactured 
products. What the washing machine has dissociated, the masticator or kneader 
has to reunite : the normal rubber is thus freed from the air and moisture which 
it contains in its pores, and a more dense and more homogeneous product is 






Tig. 44. — Mixer — Horizontal rolls in juxtaposition (elevation). 


obtained. This result is realised by forcing the different portions together, 
mechanically, so as to agglomerate them together into one single whole. 

Agglomeration^ mastication^ or kneading . — ^As in the “washing” process, 
obsolete superannuated , processes, forsaken by actual practice on the larger scale, 
have not been described. The old kneading process of Thomas Hancock need only 
be mentioned. It is unnecessary to describe the construction of the wolf or deml^ 
even when furnished with all the improvements so ingeniously brought to bear 
upon it by Auber and Gerard. The “ deviling ” of indiarubber requires much time, 
and gives rise to an elevation of temperature prejudicial to its quality ; it requires 
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a considerable expenditure of force, which for the kneading of 10 to 15 kilo- 
grammes (say 22 to 33 lb.) is not less than 5-horse power (nominal). Moreover, 
the process is becoming more and more obsolete, and factories equipped after a 
more recent system have advantageously replaced it by a mixer with grooved rolls. 
The masticator is comparatively easily driven, the operation is much more easily 
watched, and the heating of the rubber is avoided as well as all the incon- 
veniences incidental thereto. There are two kinds of masticators : the masticators 
with parallel horizontal rolls in juxtaposition, and the masticators with super- 
imposed rolls. The latter are not used so much in France. Figs. 44 and 45 show 
a masticator with rolls in juxtaposition, in a horizontal sense. It is the American 
washing machine invented by Goodyear, with this difference, however, that the 
cylinders move at the same speed, the rolls are always hollow, and can therefore 
be heated by steam. 

Figs, 46 and 47 represent a machine with superimposed rolls. 

Description. — a a, are the hoUow rolls j the lower one moves in the frame h 6, 



Fxg, 46. — Mixer— Horizontal rolls in juxtaposition (plan). 


whilst the upper roll is so arranged that it may be brought near to or ‘withdrawn 
from the lower roll by a lever and counterpoise. The weights c lower (by the lever 
and the rod o), the levers /, which, controlled by the rods press upon the 
supports of the upper roll, and cause it forcibly to ap 2 Droach the lower roll. The 
upper roll thus yields to an abnormal force, such as would be caused by stones in 
the rubber. Damage to one roll or the other if both were fixed is thus avoided. To 
regulate the machine the extremities of the levers d are furnished with chains A A, 
winding on shafts i i, and are tightened by Jc, wrought by the lever I, The rolls 
are heated by the steam pipe m ; the excess of steam and the condensed water are 
evacuated by blow-off cocks n n. The steam pipe is regulated by a screw valve. 
The dimensions of the rolls are generally 1*3 metre (say 4 feet 3 inches) long by 
0‘45 to 0-50 metre (say 17| to 19| inches) in diameter. 

Decent fm^ms of masticators , — In certain recent forms of masticators the 
levers and counterpoises are replaced by spring compressors (which can be 
compressed at will), fixed in the stuffing-box of the upper roll. They serve the 
same purpose as the old system ; they hinder the rolls from being damaged by the 
interposition of a hard resistant body. The surface of one of the rolls is smooth 
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and uniform, whilst the other bears all over its circumference and parallel with its 
axis deep grooves of about 15 millimetres deep and 30 millimetres wide (0*59 by 



Fig. 4^, — Mixer, with superimposed rolls (elevation). 

1*18 inch). The angles which these grooves make with the surface of their roll 
are not equa^, but alternately obtuse and acute. The acute angle comes first in the 



Fig. 47. — Mixer, with superimposed rolls (side view). 

contact with the smooth roll during the working of the machine. These rolls 
revolve at unequal speeds, the grooved roll making two revolutions to every one of 
the smooth roll. When the laceworks of rubber from the washing machine are 
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masticated, the ro^ are firs't heated, thea as much of the substance as it can take 
w graduaHy fed into the inachine, that is, 11 to 22 lb. for rolls of the above 
dimensions. The machine when charged fs started, and as soon as it works it is 
gradual^ tightened, so as only to leave a space of a few millimetres between the 
rolls. The rubber is thus constantly forced to enter the grooves which come 
successively m front of the surface of the smooth roll, and it is energeticaUy drawn 
in by the acute angle of the groove which catches there. The result is continued 



and repeated mastication, which soon renders the mass of rubber very homogeneous. 
The rolls generally revolve with a speed of twenty revolutions a minute. The 
substance, once masticated, is again joassed between the rolls, and the treatment 
repeated as many times as necessary. 

JSfecesBity for care in mastication — Special mastication of African rnhhers . — 
The mastication of rubber is a most important operation, and requires great care 
to avoid grave defects in the rubber. If the rubber be but imperfectly dried, a 
10 
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mastication of forty to forty-five minutes is required to eliminate, by evaporation^ 
the excess of water present. In many factories rubbers from diferent sources are 
masticated separately. To the African sorts, which tend to become tacky under 
the action of the hot rolls, a little talc (hydrous silicate of magnesia) is added, 
and the steam is carefully regulated. Moreover, they require to be masticated for 
a much longer time than good sorts, and particularly much longer than Para. 

iTVcorporation of sulphur and colouring principle. — After, mastication, before 
being blocked, the indiarubber may be “ mixed by the same rolls as are used for 
mastication. Mixing ” is the introduction into the rubber of the sulphur, or the 
solid derivatives thereof required for vulcanisation, and, if need be, of different 
mineral or tinctorial substances necessary for each special use to which the rubber 
is to be put. YuZcanisation can only be proceeded with after that has been done. 

Blocicing — Passing between the hot The sheets or bundles of rubber as 

they come from the masticator are very irregular. It is impossible to u^ise them 
in that state. They do not possess the desired texture : certain portions| are more 
nervous than others, and sheets made from them would swell and becoihe useless. 
The rubber must therefore be subjected to a fresh process, especially if it be desired 
to make cut sheet and English sheet. This operation is called blocking. The 
masticated rubber is converted into regular shaped plates by being passed between 
two hot rolls — at a temperature of 80° C. (176° F.) — the space between which 
varies between 3 and 40 millimetres (0T179 and 1*5720 inch). Fairly equal sheets 
are so obtained. 

Hydraulic pressure of the hnibber in frames after passing through hot rolls. — A 
certain number of sheets imparted are made into one, whilst the heat during 
rolling stni causes them to be adhesive, and they are put into a cast-iron frame of 
25 to 30 centimetres wide (say 10 to 12 inches) and 2 metres long (say feet). 
They are pressed very forcibly with a hydraulic press, and let cool under pressure. 

Storage of hlocTced rubber — Changes produced. — After a few days the rubber 
sheets are taken from the frames and piled in a cool cellar, where they lie for 
several months. During this prolonged storage a change supervenes in the soft 
matter, which is present in greater or less abundance in each parcel of ■ rubber in 
admixture with the more nervous portions. The degree of hardness is equalised, 
and the mass becomes thoroughly homogeneous. It is then cut into thin sheets. 
No marbling nor striae due to the greater or less nerve of the mixture of rubbers 
forming the block can any longer be perceived. By prolonged treatment with 
masticating rolls, the whole mass may be made stiU more homogeneous, but this 
treatment would inevitably result in heating and prejudicially unnerving the 
rubber intended to be used in the normal condition. The rubber thus blocked, and 
stored in the cellar during several months, naturally assumes the form of the mould 
employed. Cubical parallelop)ipedical blocks are made of the size indicated, and 
cylindrical blocks of 0*3 to 0*4 metre (12 to 15f inches) in diameter and 0*4 metre 
(15J inches) in height. It is used in the making of sheets or discs, from which 
ribbons are cut by a mechanical knife for making block-rubber thread, but this 
manufacture is now almost entirely abandoned. 

English sheet. — The great use of blocked rubber consists in the manufacture of 
cut sheet and English sheet. The rubber which has been stored sufficiently long in 
the cellars is used for this purpose. It is thawed gently in the stove, then it is 
made to stick with a solution made from spirits of turpentine, and more especially 
benzol, on the car of a saw, in which the blade of the saw has been replaced by a 
blade without very sharp teeth j a jet of weak soapy water continually moistens 
the blade to prevent it from heating and adhering to the rubber. To obtain 
sheets of double width, two blocks, by means of a little of the previously men- 
tioned solution, are soldered together by their extremities, which have been cut 
exactly at a right angle. The cutting is done just as in the case of a single block ; 
it only requires a car of double the length. In another system the cubical block 
is fixed on a sliding plate like the plate of a planing machine. The plate is brought 
mechanically to the front, whilst the -knife, propelled by a to-and-fro movement at 
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the rate of 1500 to 2000 cuts a minute, slices off a thin sheet of rubber. The 
parts of the machine are brought back to their original position, the block-carrier 
plate is loaded with a quantity corresponding to the thickness desired, and so on 
until the whole has been used up. 

GuibaVs sheet or continuous cut The cutting of cylindrical blocks 



producing so-called continous cut sheet differs. This system, invented by Guibal, 
consists in taking a cylindrical block and imparting to it a rotary motion round 
its own axis, whilst a knife, blade constantly moistened by a jet of water cuts it 
spirally. The length of the sheet thus produced varies with the thickness; it 



sometimes attains a length of 500 metres (1640 feet). Figs. 49 and 50 represent 
the elevation and plan of GuibaFs machine as made and improved by Leblanc.^ 
Features of the Guihal-Lehlanc machine , — As the cylindrical block diminishes, 
the speed of rotation increases, so that the surface in contact with the knife pre- 
serves a uniform speed during the whole of the operation. This arrangement is 
intended to produce sheets, the rays of which, mai’ked by the knife, are perfectly 
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Leblanc’s machine produces thbiner sheets than hitherto. They can 
W niiide as thin as 0-18 millimetre, whUst a little more than ten years ago 0-30 

tfdllimetre was the thiimest that conld be made. 

It was formerly held that to obtain a perfect 
cut sheet very good Para rubber must be used, 
and the blocks cut at a very low temxDerattire. 
The second part of this assertion may be well 
founded. But as to the first, the recent researches 
and analyses of Henriques show that such is not 
at all the case. 

Cut sheet is not treated with talc, but gently 
rubbed with a very clear solution of soap in hot 
water. This solution on cooling coagulates, form- 
ing a very thin layer on the surface of the sheets, 
wMch hinders them from adhering together. 

Apparatus for ascertaining thicTmess of i/ndior 
rubber sheets , — This apparatus (Fig. 51) registers 
automatically with matheniatical i>recision the 
thickness of every description of rubber, caout- 
chouc, web fabrics, felt, paper, cardboard, etc. 
-8djo2>i»er’s “Automatic*’ The machines can be supplied graduated in inches, 
diickness gauge. Fig. 52. — This is made of German silver and 

provided with a sensitive screw and large measur- 
ing drum. Fastened by two springs on a round base, the apparatus is easily 
detached Graduation: 0 to 10 millimetres j divisions into M with visible 
screw, (/i) w'ith masked screw. 





Fn;. 51.- 



Fio. 52.--Mieronieter for rubber 
(fcjchopper, Leiijzig). 



Frc. 63. — Micrometer for rubber, etc. 
(Scbopper, Leipzig). 


Gradmition^* German silver and provided with a sensitive screw. 

(/>) AriUi maked fcrel («) with visible 


screw, 


I »- i 2 3 d i_ d -L i_ ® 10 1* 12 13 14 15 16 17 18 

Thickness in millimetres. ' 

3.2e S,58 e.35 ,,S5 1.14 0,96 0.83 0,63 e.M 0,44 0,41 0,?7^0.33 OfiO 0,18 


lllllllll 



i' 1.!, n-l. Diagram of the different thicknesses of English shoot rnlibcr. 

of o “» ““ “ “« 

aiipHuuecs, air cushions Method of ’ balls, pears for surgica 

ions. Method of r,uinu^actm-mg sheet mbh^^ into 
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articles , — It is very easy to make these different objects ; the two edges are cut a 
little obliquely and the two sections brought together with a little pressure ; they 
join immediately, if care be taken to run over those portions with a brush which 
has been slightly clipped into benzol, which is left to evapoi'ate before uniting them. 
Afterwards the point where the junction has been made is struck with a small 
round-ended Iiamnier, and the joint is as solid as if the sheet had not been cut. It 
is necessary, if the sheet has been “frozen,” to “^thaw” it either on the steam table 
or in a stove before starting to the work. It is only then that it regains all its 
adhesive properties. Cut sheet is not made solely from pure rubber. It is also 
made from rubber in admixture with other substances ; in such cases the powders 
or colouring materials are mixed with the rubber in masticators with special rolls, 
and the mixture so obtained is treated like pure rubber, that is to say, blocked, 



frozen, and then cut. Before being put on the market, all articles manufactured 
from English sheet have to be vulcanised by special processes. 

Mixers or crushers — Rolls — Guide plates — Gdlecting tank — ShaftiTUj , — The 
mixer (Fig. 57) consists essentially of two horizontal cast-iron rolls i)laced alongside 
each other, turning in opposite clirections and at different speeds. The two rolls, 
20-inch diameter, are hollow with smooth surfaces ; they rest on cast-iron founda- 
tions by horizontal bearings fixed in the spaces left vacant for the purpose. The 
two bearings which support the front roll are acted on and brought near to the 
other roll by two strong tightening screws, visible on the front part of the machines, 
the bearings of which abut against the framework. The inverse movement takes 
place of its own accord by undoing the screw, for the substance introduced between 
the two cylinders presses against the mobile roll and pushes it back. Suitable 
guides placed between the rolls prevent the substances from coming out or slipping 
on to the bearings or. shaft on which the rolls turn. Underneath there is placed 
a sheet-iron collecting tanlc (not shown), intended to receive the material as it 
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tTTr.r.’i !’ seaj-ing. In many of these machines 

the rota^ motion IS not transmitted direct from the one roU to the other, shown 
here, but by an intermediate shaft. 

Hot amd cold ro«s.-The two rolls are hollow, and may be heated or cooled at 



Fig. 57. — ^Riokkers’ cnishing mixer. 

will, A pipe runs along the outside of each roll to the opposite end from whence 
it entered, communicating (1) with a supply of cold water, and (2) with the steam 
boiler, so that, by opening one or other of the taps wliich regulate these conduits 
either steam or cold water is shot into the roll. The condensed water is run off 



Fig. 58. — Large calibre mixer of the Birmingham Iron Foundry (Connecticut). 

through a blow-off cock. The pipe system passes through a layer of tow pressed 
against it by suitable means. The working of the rubber between the rolls 
develops a considerable amount of friction, and, as the cylinders become gradually 
more and more heated, an injection of cold water is required to bring them to the 
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desired temperature. There are certain kinds of work, namely, criisliing indiarubber 
waste, wbich can only be done quite cold. If the admixture of substances added 
to the rubber be soft, it causes the block to be wrought to become more and more 
plastic, and consequently sticky. If the mixture were not at a suitable temperature • 
the paste would adhere to the rolls, and would render work impossible. The treat- 
ment to w^hich the mixers subject the rubber is not a laminating process, as might 
at first sight be sui3posed : it is a spreading out and a crushing process, produced 
by the roll revolving with the greatest velocity on the mass retained in part by 
the roll revolving with the slower speed. It is a work of the same kind as that 
of the muUer on the marble slab, where the painter rubs up ” the mixture of oil 
and powdered pigment. Mixing is effected by introducing the masticated rubber 
between the two heated rolls of the mixer. When it has acquired a suitable degree 



Fig. 59. — Heavy two-roll calender driven by patent friction clutch. 


of malleability, the powders to be used in the mixture-are gradually spread over the 
surface of the sheet of rubber around the far roU. A large proportion of the 
powders fall into the collecting tray, and are picked up by a shovel and brush and 
passed between the rolls again until the whole is well incorporated with the rubber. 
The pasty mass is passed through the mixer until it has become quite homogeneous. 
Finally, the two rolls are tightened up, and it is again passed through once or twice 
so as to crush any particles well which might escape the action of the machine. The 
substance issues as a thin sheet, which is rolled upon itself into a large block for 
subsequent operations. All these mixed rubbers, whatever may be the nature of the 
materials incorporated, are passed through the crushing mixer. 

Automatic mixer, — This machine, described by Bobet, is intended to lift up 
automatically the substances which fall into the collecting tray of the ordinary 
crusher. Moreover, it does not differ from the machine just described, except by 
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the addition of an endless apron of strong canvas, turning underneath the rolls 
in the place usually occupied by the collecting tray. This apron conveys the 
substances it collects above the rolls and tilts them uniformly between the two 
This arrangement ensures constant and regular feeding and a homogeneous mixture; 
besides, the operation is accelerated since aU the mixing surface is utilised. With 
the ordinary macliine, when the substances which have fallen into the collecting 
tray are picked up with a shovel and a brush, their re-spreading out is irregular, 
and certain portions of the sheet of rubber do not get anything. Theoretically, 
therefore, this machine presents some advantages, but its use does not appear to 
have been consecrated by time and practice. 

Rolled (la/nmiated) or drawn-out sheets — Calendering * — Instead of cutting the 



Fig. 60 .— Three-roll calender. 

rubber blocks with the machine, they may also be laminated into sheet rubber by 
means of calenders. The calender is a machine much used in the paper and textile 
trades, and consists essentially of three to six rolls turning alternatively in inverse 
directions, the one in the direction of the hands of a watch and the other in the 
reverse direction. In small factories they sometimes use calenders with two 
hollow rolls. Fig. 59 represents one of these machines of British construction. 
In the 3-roll calendar (Fig. 60) the middle roll is the driving roll, and is driven 
directly from an independent motor. The two others of the same diameter as the first, 
by two straight or helicoidal pinions. The rolls are generally smooth ; their speed 
is not uniform. The top and bottom rolls have some teeth less than the driving roll ; 
the rubber is thus flattened, laminated, and drawn out. The distance between the 
rolls can be adjusted at will to millimetre by a]^fly-wheel wrought by hand. 
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Wooden knivea lined ■with zinc, the shape of which is a triangle, ■with two curved 
sides, are fixed between the rolls to limit the size of the sheet. The hollow rolls 
are generally made of high-class steel, are of an absolutely perfect surface, and are 
heated by steam or hot water during the whole duration of the operation ; they may 
intercommunicate ■with this end in view, the heat can thus be varied as required. 
The temperature of the rolls greatly affects the uniformity of the sheets. Arrange- 
ments are therefore made for admitting cold water through the end axis of e^ 
roll, and there is a pipe for discharging spent .steam. The spent steam may be 
i-ecovered as it is issued from the rolls by leading it to the water feed fanVa or to 
the washing vats. Before caitching hold of the mass by the rolls the, foreman 
calenderer makes sure that his machine is at the right temperature by circulating 



Fig. 61 , — Six-roll calender. 


steam m it for a few minutes ; then, when the cake comes from the mixer sufficiently 
homogeneous, it is passed, whilst still hot, into the calender, and at first between 
the two top rolls separated rather far apart at the outset, and through the posterior 
side the rubber passes slowly with a peculiar noise. The rubber is laminated and 
converted into a sheet, and is drawn through by the middle roll to undergo a 
second lamination between the second roll and the third one at the bottom; a 
vertical section of a calender at woi’k would show the rubber as a sinusoid. The 
latter is a little nearer to the middle roll than the top one. A small heap is thus 
mrmed of the excess of material from the fii’st and second rolls (first lamination). 
But if small quantities of imprisoned air exist in the original substance, and have 
escaped in the first lamination, forming an air-bell in the thickness of the sheet, 
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tLese bells break tbeir thin envelopes when the excess of rubber forms in a heap, 
in front of the lower rolls. The second lamination therefore yields a sheet free, 
from air-bells. The operation is repeated until a plastic mass is obtained. A short 
sheet is received on a talced table, but, if of a certain length, the sheet as it issues 
from the rolls is taken up by a wet cloth, and to prevent agglutination is rolled 
with it on to a spindle. Calenders equipped with four rolls are likewise con- 
structed. If their working be more complicated and their cost greater, these 
machines should give a superior product to the preceding, from the fact that the 
sheet is more pure and freer from air-bells, so dreaded by the manufacturer. 
Figs. 62 and 63 represent calenders with four rolls. The process may last some 
hours; webs 50 to 65 feet in length are thus produced, 1-5, 0*5, 0*4:, or 0*3 milli- 



Fio. 62. — Four-roll calender. A, Ai, A^j A^, are four cast-iron hollow rolls into 
which either water or steam can be injected ; A and Aq can be respectively moved 
closer or further away from Ai and by gearing wrought by the wheels 

^IJ ^2* 

netres thick During the operation the thickness is constantly gauged to keep it 
nathematically exact. 

Friction calender , — The friction calender is simply a calender with three hollow 
‘oUs, heated internally by a current of steam. It does not differ from the ordinary 
lalender except in its speed. The central roll turns twice as quick as the two 
>thers. This result is obtained simply by the use of a cog-wheel, with a diameter 
iqual to half that of the two other wheels geared on the upper and lower rolls, 
jometimes the three rolls are not in the same vertical plane. This machine serves 
0 stretch a very thin layer of rubber over the fabrics intended for the manufacture 
f hose-pipe and transmission belts. A fabric which has been subjected to friction in 
bis way on one of its faces may afterwards be put through the calender to receive 








Fig. 64.— Six-roll double-effect calender 
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nervous, cold; rubber. Tbe speed of the rolls is 10 to 30 revolutions a minute. 
The horse-power averages 10, but may suddenly reach 20. Large-sized calenders 
revolve at about 5 centimetres per second, the force absorbed varies from 16 to 26- 
horse-power. When the number of rolls is four or five, their temperature is 
brought to 60“ to 75“ C.' From three to four persons are required to attend to a 
calender, feed the rubber, adjust the rolls, regulate the distance between the 
knives, gauge the thickness of the sheet, roll it up, receive it, drive the motor, 
and attend to the clutches. These ~ machines are generally driven by a special 
adjacent steam engine, an engine with two oblique cylinders with steam of 
6 kilogrammes per sq. cm. 

Six-roll calender with double effect , — This machine, of more recent invention, 



Fig. 65. — Six-roll double-elfect calender. 


i constructed by the Birmingham Iron Foundry, U.S.A. Figs. 61, 64, and 65 repre- 
ent this powerful machine in tlmee difierent positions. Without occupying greater 
pace than the ordinary three-roll calender, it does double work, and may be 
sed either as an ordinary calender, or as a friction calender, or, finally, 
imultaneously as an ordinary calender and friction calender, according to the 
"ork of the factory. A thin sheet of indiarubber may thus be applied 
multaneously on the two faces of the same canvas, or it may be used to 
npart friction on the two faces of the canvas, or, finally, to line the canvas 
ith indiarubber on one side, whilst the other side is simply submitted to the 
3tion of friction. As the speed is about 80 feet per minute, the duplex action 
! the machine produces therefore 160 feet, if 'one or the same work be done on 
3th sides of the canvas. If care be taken to supply a sufficient quantity of 
.w material in front of the laminator, of whatever kind it may be, at the 
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moment when the preceding lot begins to get scanty, a sheet of indefinite length 
may be obtained. , ‘ 

Gerardos process. — In Gerard's process, the rolls, instead of being heated to 
80“ C. (176“ F,), are heated to 116“ C. (239“ F.), and the speed is so slow that in 
passing through the rolls the rubber has time to get annealed oyer again. The 
sheets so ]prodUced thus preserve and retain the desired thickness to a great extent. 
The sheet is then raised on to drums, on which it is coiled mechanically, 
simultaneously with a sheet of calico, so that it cannot come into immediate 
contact with any other portion, and thus cannot adhere to itself. In another 
three-roll calender, the sheet, after completion, is rolled on a reel, turning at the 
same speed as the lower roll, but in a different direction. 

Regulating the thickness. — The thickness of the sheet may be regulated to 
tenths of a millimetre. To ensure uniform and regular working, samples are tdcen 
froih time to time, and cut not only from the side of the sheet, but also from the 
centre. They are calibrated with the draw-plate, and the distance between the 
rolls rectified until the requisite thickness is attained. 

Imitation cut sheet. — It has been attempted to impart to the laminated sheet 
the appearance of the cut sheet ; and this has been done, says Chapel, by passing 
it between bronze and steel rolls, on which fine grooves are engraved, the imprint 

of which resembles the stri^ produced by i the 
saw on the English sheet. The advantages of 
the lamination and calendering process are that 
it can be used throughout the whole of the 
year; it does away with costly methods, and 
does not entail that enforced locking up of 
capital during long months of the raw material 
necessitated by the freezing process, incidental 
to the manufacture of the English cut rubber 
sheet. But consumers esteem more highly 
the articles manufactured from English sheet 
rubber. 

Raised sheets. — The laminated sheet has only 
lately been used in the manufacture of thread. 
Formerly, raised sheets were used as an excellent 
but costly method. As the method of working 
Fig. 66, — Machine for making raised still often followed in actual practice, we 
sheet-rubber. shall rapidly describe the method of preparing 

the raised sheet, although mechanical action 
plays but a subordinate part, and it is more the action of solvents which 
intervene. To the Para rubber used in this class of work, 2 to 3 per cent, of 
sulphur is added and then dissolved in a convenient solvent, A machine is used 
to apply this solution, consisting of two uprights, fixed directly into the floor of the 
workshop or into a massive bed of cast-iron or of wood, united on the top by a 
solid cross-bar. On each side of the uprights a wooden roller is fixed capable of 
turning on spindles supported by bearings fixed on the uprights. The exterior 
roller is furnished with a crank, wrought by a man or by the factory engine. 
Just below the inside roll is an iron trough, of the same length as the space 
between the uprights, which can slide up and down on two grooves on the uprights. 
The trough contains the solution, and can be raised or lowered according to the 
greater or less quantity which it is desired to get out of it; when the proper 
height is reached, it is fixed by bolts. A long band is roiled on the outside 
roller, which slowly unrolls during the operation, passes between the inside roll 
and the trough, and there becomes charged with a thin layer of material, and is 
finally caught by two or more cords stretched horizontally. The coat applied is 
always very thin, and its thickness is determined beforehand by the distance 
between the lower part’ of the feeding trough and the regulator which accompanies 
it. When the solvent used is carbon disulphide, ten to fifteen minutes suffice to 
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evaporate it ; wlien light spirits are used, two or three hours are required. 
The layers . deposited are so thin that the operation has to be repeated 
several times, and it is only by the superposition of several such coats that 
the desired thickness is attained. The sheet, after treatment with talc, is 
detached by moistening it underneath by a little solvent, and is then enrolled 
on the winder. It is now preferably used for the same object in the water- 



with which the appliances are always provided. The sheets thus produced 
have only one uniform surface ; the lower preserves the grain of the cloth on 
which it has been laid. Sollier's process remedies this drawback. A coating 
is first laid 'on the cloth, with the same apparatus as that described above, 
consisting of paste glue and skin glue, to which a little cane-sugar molasses has 
been added to preserve its suppleness, and the process conducted as before. 
The solvent, having no action on the coating, simLj)ly spreads over it, without 
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adhering to it,'and^it thus becomes^^possible to' produce sheets with a smooth 
surface on both sides.’ 

Casting sheets on glass . — ^In the vulcanisation of moulded objects, it is possible, 
by the use of glass moulds, to obtain straight-away, and without retouching, 
perfectly polished objects. It is the same with raised sheets, which are obtained 
as thin as possible and of great transparency by preparing a very dilute solution 



Fio. 68. — Vertical spreader. 


of indiarubber (1 of rubber to 15 of carbon disulphide), and spreading this 
solution on smooth glass. Evaporation, however, must not be too much accelerated, 
otherwise considerable cold would be produced, with condensation and deposition 
of the superincumbent moisture, and the drops of water thus produced would spot 
the facets of the sheets. 

Vertical spreader . — The necessity of having to repass the fabric to be water- 
proofed several times over a hot table is a drawback to the working of the 
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horizontal spreader. AYitli the vertical spreader the operation only requires one 
passage through the machine. This machine consists of two cast-steel frames with 
stout crosspieces. These frames support two hollow cast-iron i:)lates heated by 
steam, which may be drawn apart or brought near by a mechanical arrangement. 
The fabrics, after being imj)regnated with rubber in the tank below the machine, 
are calendered by passing between two rolls. By means of knives, -which can be 
regulated as desired, the rubber on the two faces of the fabric is equalised, and the 
latter is led between the hot plates, which evaporate the benzene. The advantage 
of this machine is that it treats both sides of the fabric simultaneously. 


CHAPTER YIII 


VULCANISATION OF NORMAL RUBBER 

Prelimvnary considerations. — Defects of natural o'ubher. — To render tlie sequel 
more intelligible, we must recall some defects of natui’al rubber. (1) Defects visible 
on heatimj. — All natural rubbers soften rapidly, as soon as tbeir temperature 
exceeds 30“ C. (86" F.) and gets near to 50“ 0. (122“ F.). Tbeir adhesiveness 
increases in direct ratio with the softening, so much so that at 50“ C. (122“ F.) the 
rubber is so sticky and tacky that it is unfit for all the industrial uses for which it 
is naturally destined. 

(2) Defects on cooling. — But when the temperature falls to 10“ C. (50“ F.), rubber 
gradually and insensibly loses its elasticity, hardens, and at 0“ C. (3 2“ F.) becomes 
so rigid that it is believed to be frozen. Such rapid modifications, within compara- 
tively narrow limits of temperature, constitute great drawbacks to the use of natural 
rubber. The mere transport of an article made from natural rubber to a hot 
country or to a cold country suffices to render it almost useless in both cases ; in 
the latter because of its rigidity, in the former on account of its being too sticky 
and tacky. The same phenomena occur in one and the same locality in consequence 
of the simple variation of the weather, due to the seasons. Air and light, especially 
in presence of heat and moisture, deteriorate natural rubber very readily, converting 
it into a viscous substance, without any of the properties of good marketable rubber : 
the rubber has perished by oxidation. These original defective qualities would 
certainly have constituted an obstacle to the use of rubber ever becoming general, 
and the new industry, now so prosperous, would very soon have been in danger, had 
it not been for one of those lucky inventions of which the nineteenth century 
furnished so many examples : namely, the vulcanisatio^t of indiaruhher. 

Action of mlphur and halogens — Sulphur passive to indiaruhher in the cold . — 
Sulphur in no way modifies the properties of indiariibber so long as there is no rise 
in temperature. But as soon as heat intervenes this passive state gradually gives 
way, and disappears altogether as the temperature rises. 

Pay enh researches — Effect of Jwat on rithher immersed in mlphur. — Payenmade 
the most interesting investigation of this subject. A sheet of rubber, 2 millimetres 
(g^y of an inch) thick, immersed in a bath of molten sulphur, at 120“ C. (248“ F.), 
swells slightly, its pores distend. The rubber absorbs sulphur by capillarity. It 
behaves as if it had been plunged into water, but the operation is more rapid, owing 
to the affinity of sulphur for rubber. After a quarter of an hour no appreciable 
change has taken place in the properties of the rubber, the surfaces of which may 
yet be amalgamated by contact. The porosity only is lessened. But if the 
temperature be raised to 130“ to 140“ C. (266“ to 284“ F.), and if that heat be con- 
tinued for thirty to forty minutes, the rubber alters both in appearance and 
properties, assumes a yellowish tint, and does not amalgamate with itself. Its 
elasticity is considerably increased and become permanent. Cold does not now 
cause it to disappear. The same results ensue if rubber, previously mixed with 
sulphur reduced to an impalpable powder, be exposed to a temperature of 130“ to 
140“ C. (266“ to 284“ F.). There are still other cases in which the same results 
are produced. Variable temperatures between the melting-point of sulphur and 
160“ C. (320“ F.) may be used. The reaction is more rapid at a higher tempera- 
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This mass, still a mere mixture, is wrought in the ordinary way for conversion into 
threads, sheets, tubes, shoes, or any other object of definite shape. It is only under 
this final shape that the objects are transformed by heat. They are introduced into a 
hermetically sealed boiler, where steam is injected at a suitable pressure, generally 

to 4 atmospheres. A sojourn of three to four hours in the boiler is sufficient to 
produce vulcanisation. In certain cases, the boilers are replaced by a hot stove 
heated from 130“ to 150“ C. (266“ to 302° R.). Varnished indianibber boots are 
vulcanised in this way (as steam would devStroy the brilliancy of the varnish) ; so 
also are certain waterproof garments. But whether boilers or stoves be used, the 
same result is attained : the indianibber is acted on by the sulphur in the desired 
dose, and the latter is distributed throughout the mass with almost mathematical 
uniformity. 

Goodyear’' s process costly, — The most serious objection to Goodyear’s process is 
that it involves great initial outlay, and a large amount of labour for its perfect 
execution. It is thei’efore costly, and is not readily available by the small 
capitalist ; but that defect, not easily remedied, need not be dwelt upon further. 

The excess of sulphur effloresces on tlie surface of the object — Injurious effect — 
Remedy , — A more serious criticism against Goodyear’s and also the bath jjrocess, 
is that rubber articles vulcanised directly by sulphur always contain an excess 
thereof, which, when the operation is finished, has a tendency to separate out, and 
cover the surface of the object with a greyish white efflorescence, disagreeable to 
the eye, touch, and smell. This substance (simjply sulphur in extremely small 
crystals) may hasten the rapid decay of the manufactured article. In contact with 
the moistoe of the warehouses, the sul^ffinr oxidises to sulphuric acid, always 
injurious to rubber. Washing with alkaline lye is the usual remedy; but if con- 
tact be prolonged, which is nearly always necessary, washing gives rise to another 
defect, the surface of the article is exposed too much, and is ];>ariially devulcanised, 
so to speak, and some of the defects, inherent in normal rubber, are restored to it. 

2. Hancock's pn'ocess ^ (the hath process^ — Differentiation from Goodyear's dry 
mixing pi'ocess . — Instead of mixing suliffiur with rubber at a comparatively low 
temperature, and then submitting this mixture to the heat of the steam from a 
boiler or to the hot air of a stove, the heat of melted sulphur is utilised to ensure 
vulcanisation, i,e, instead of baking or curing with steam or superheated air, the 
manufactured objects are steeped in a bath of molten sulphur. Mixing arid curing 
proceed simultaneously. 

(1) Rrelimiryxry drying . — But prior thereto the articles must sojourn from twenty- 
four to thirty-six houm in a hot stove, so as to consolidate the joints and evaporate 
traces of the solvent used in the manufacture of the article, otherwise vulcanisation 
by Hancock’s process would yield blowholes, which would deteriorate the goods. 

(2) Invni&rsicyn in hath . — Wlien perfectly dry the articles are immersed in molten 
sulphur at 130 to 135 C. (266° to 275° F.). But as they are much too light to 
remain immersed by their own weight, they are loaded by smalt weights called 
reglettes. Small pieces of indiarubber are immersed at the same time as the 
articles, and so arranged that they can be withdrawn at will. These fragments, or 
samples, enable the progress of vulcanisation to be watched. They ought, as far as 
possible, to have the same thickness as the articles to be vulcanised ; the indications 
which they furnish have thus a real value for the operator, who recj^uires to have 
had great experience, so that by simply inspecting the samples he can judge how far 
vulcanisation has advanced. AVhen the articles have been immersed in the bath, 
vulcanisation is not long in starting. • The rubber first absorbs the sulphur by 
capillarity, and so increases in weight by one half. Its colour then begins to 
change : from brown it changes to orange. Taken out of the bath in this state 
after twenty minutes’ immersion, the rubber is still too soft, and still possesses the 
propm'ty of uniting with itself; the normal rubber has not been chemically 
modified. But,^ in a few moments, after the saturation of the pores, the real 
reaction starts ; it is comjilete in two or three hours ; the phenomena is accompanied 

^ British Patent, 9952 ; 1843 .— Tb. 
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by tlie disengagement of sulphuretted hydrogen from the mass of the liquid which 
does not occur in the beginning. Chemical reaction takes place, for if the operation 
be prolonged the substance becomes as hard as wood, and is transformed into 
ebonite. When the workman thinks the substance sufficiently vulcanised, he 
immerses it as quickly as possible in cold water. He exhausts it and thus frees it 
from the excess of sulphur that covers its exterior, which splits up by the sudden 
cooling, so that it only adheres slightly to the rubber. A slight scraping with a 
metal blade suffices to free the article from it. 

Vulcanised goods liable to sulphur efflorescence — Remedy. — But, nevertheless, 
rubber so treated always retains, as in Goodyear*s process, a certain excess of 
sulphur over and above that required for vulcanisation, which forms an inert 
substance, more injurious than useful. This excess is gradually exuded from the 
interior of the mass as a white powder, forming a coating on the surface of the 
object vulcanised. It is easy to free it from a certain portion of this excess of 
sulphur if, as soon as vulcanised, it be passed through a boiling solution of 
caustic alkali. The excess of sulphur is rapidly converted into allialine sulphide, 
and simple washing afterwards suffices to eliminate the resultant sulphides. 

3. Sublimation pi-'oeess^ namely^ vulcanisation by sublimation. — Hancock pro- 
posed another modification, based on the simultaneous action of steam and sul 2 ffiur 
vapour, which effects vulcanisation in an hour and a half, according to thickness 
of pieces. .The sulphur bath is still used, but no longer as a vulcaniser, but in 
place of steam or of the air-oven for vulcanisation of certain moulds! Alongside 
these two processes, based on the use of sulphur acting directly on the rubber, it is 
convenient to quote — 

(1) Farhes^ process, or the steeping process — Cold process. — It consists in 
treating rubber with sulphur protochloride. Discovered by Parkes (British Patent^ 
11,147; 1846), it is now frequently used, especially to vulcanise small thin objects. 
The process works in the cold and very rajndly. 2*5 lb. of sul^Dhur chloride are 
dissolved in 100 lb. of ^mre, perfectly anhydrous carbon disulphide. The 
articles to be vulcanised are immersed in this liquid from a half to three minutes, 
according to their thickness. When taken from the vulcanising bath, the article 
is dried at a temperature of about 25“ G. (77° F.), again steeped in the bath from 
a half to one minute, then washed, first with a very dilute solution of sodium 
carbonate, then in pure water, and finally dried. This jn^ocess is only applicable to 
small thin objects. Thicker articles must be steeped longer, to let the liquid 
penetrate, but then there is risk of overdoing it ; the rubber may be burnt. 

(la) The inventor's and Gerard's modifications. — Parkes therefore proposed only 
to use ^ part of sulphur chloride for 100 2 )arts of carbon disulphide, and to prolong 
or repeat the process. G. Gerard recommends to use only the first proportions, 
i.e. 2^ per cent, of chloride, but to steep the articles immediately they come out of 
the bath in cold water, and to let them lie there for some time. The chloride 
thus has time to penetrate the rubber, whilst the superficial part already vulcanised 
is no longer liable to become brittle, the excess of sulphur chloride on the surface 
is transformed, in contact with water, into hydrochloric acid, sulphurous acid, and 
free sulphur. The steeping process is distinguished by great simifiicity and 
extreme rapidity. It requires no coinj^licated jdant nor costly raw material. It is 
specially adapted, moreover, for surface-curing in the manufacture of small objects 
of cut rubber, tobacco pouches, injectors, syringes, tubing, rings, etc. But it cannot 
be used for articles exceeding 4 millimetres (say ^ of an inch) in thickness, other- 
wise vulcanisation will only deteriorate the goods profoundly, cause them to 
become fragile, and break with the slightest effort. 

Dittmar points out that the method of working since Parkes’ time has been 
changed. According to Marzahn, the articles are dipped one to three minutes in 
a solution of sulphur chloride in 40 to 50 23arts of carbon disul^^hide, then dried , 
If necessary the operation may be. repeated. Hoffer recommends the following 
mixture for thin objects : — Sulphur chloride, 1 2 )art ; carbon disuljDhide, 30 to 40 parts; 
time of dipping, sixty to eighty seconds. For thicker articles, sulj^hiir chloride, 
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tiire, but exiDerieiice proves that the best results are obtained by operating at 120“ 
C. (248° F.), and prolonging the operation. Ebonite . — If the quantity of sulphur 
be sufficient, and if the operation be conducted between 150“ and 160“ C. (302“ 
and 320“ F.), there is obtained after a few hours a substance which is no longer 
vulcanised rubber, but a new product, having neither extensibility nor elasticity j 
even its aspect is modified — the mixture has assumed a very deep brown colour, 
and becomes as hard as horn. It is ebonite. 

Sulphur not the only vulcanising agent . — Elementary sulphur is not the only 
body which induces vulcanisation of rubber ; alkaline sulphides, sulphides of the 
alkaline earths, several metallic sulphides, sulphur chloride, induce the same 
modifi-cations in rubber. 

Too energetic action of chlorine^ fitiorine^ iodine, and bromine. — Chlorine, 
fluorine, iodine, and bromine act similarly to sulphur. But these bodies are much 
more volatile than sulphur at the ordinary temperature; their action is more 
energetic, often too energetic to attain in a uniform manner the desired object. 
Sometimes this object is overdone, sometimes vulcanisation is insufficiently effected ; 
sometimes, again, the reaction is rapidly destroyed by the volatilisation of the 
vulcanising agent. 

Sulphur cheap arid easily handled. — These processes cannot be easily adopted 
in practice. Sulphur gives satisfactory enough practical results ; it is cheap and 
easily handled. It would be idle to resort to other processes, the application of 
which is difficult without yielding better results. The examination of vulcanisation 
by those secondary bodies will therefore be deferred, retaining only sulphur or its 
derivatives, which, moreover, present a sufficiently extensive field for investigation. 
Of the innumerable methods of vulcanisation by sulphur and its derivatives 
proposed and attempted, whether in Great Britain, France, America, Germany, or 
other countries, we shall only examine and describe those which deserve more 
especially to fix the attention of manufacturers, with a brief criticism of these 
different methods, showing the advantages and disadvantages of each ; the machinery 
and plant most generally used in the vulcanising industry will also be described, 
terminating this chapter with a discussion of the theory of vulcanisation. ^ 

The hot a‘nd cold processes of incorporating the sulphur. — The most important 
method hitherto considered is that based on the use of natural sulphur. It is 
divided into two different processes, according as the sulphur is incorporated (1) in 
the hot (Goodyear’s process) or (2) in the cold state (Hancock’s process). 

1. Goodyear^ s process — Tulcanisation of rubber by natural sulphur. — This, 
the most generally adopted process, is based on cold mixing of a predetermined 
quantity of suljjhur with rubber, and on baiting or curing, i.e. the transformation 
of this mixture into vulcanised rubber by a predetermined quantity of heat. This 
process is certainly the most rational, because known proportions of sulphur can 
be incorporated with the rubber, and nothing is left to chance. Moreover, it almost 
always yields results which cannot be attained by other processes. The ^rubber, 
masticated and dried, as already indicated, is put through the mixer with 7 to 10 
per cent of sublimed sulphur (flowers of sulphur). Rubbers are even met with in 
commerce vulcanised with only 2J to 3 per cent, of sulphur. But the quantity of 
sulphur varies within the wider limits, and certain manufacturers have been known 
to use as much as 25 per cent. The first proportion is amply sufficient, and even 
6 per cent, of sulphur has given excellent results. The excess, when not prejudicial, 
can only be regarded as an inert make- weight. Honwgeneous mixing essential. 
The mixing must be perfect to ensure success, and the mass must form one 
homogeneous whole. Too much care cannot be bestowed on mixing so as to 
obtain a homogeneous mass. Four or five kilogrammes (say 9 to 11 lb.) of washed 
rubber are passed repeatedly through the hot rolls, diminishing the space between 
them as the operation proceeds. As it issues from the roll, the sheet is dusted for 
the first time with sublimed sulphur, rolled upon itself, and again passed through 
the mixer. This operation is repeated as often as necessary to exhaust completely 
the amount of sulphur to be incorporated and obtain a really homogeneous mass. 
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1 part * carbon disulpliide, 30 to 40 parts ; time of dipping, three to five minutes. For 
still thicker articles, the dipping must be repeated as often as necessary to complete 
the vulcanisation. Too long steeping induces hard brittle surfaces. Washing 
after steeping prevents the sulphur chloride in excess from continuing its action. 
Water decomposes sulphide chloride ; the sulphur separates partly as such, partly as 
sulphurous and hyposulphurous acids, the ratio of the two latter depends on the 
amount of water. The chief drawback of the cold process of vulcanisation is due 
to the injurious effect of the vapours of sulphur chloride and carbon disulphide on 
the workmen. Attempts have been made to substitute petroleum spirit, which 
should be anhydrous, for carbon disulphide. Dittmar tried to determine the 
influence of the time of steeping on the tensile strength and elasticity of Para 
rubber. He cut small samples 5 centimetres long from a large band 2 metres long 
by 3 centimetres wide and 7 millimetres thick. These samples were dipped into the 
vulcanising liquid, consisting of sulphur chloride, 1 part j carbon disulphide, 80 parts. 
The samples were stretched by Delaloe’s dynamometer. After drying, the measure- 
ment of the elongation was made on 1 centimetre. 

Table XXXIII. — ^Vakiations in Tensile Strenoth op Indiaeubber Cured 
BY Parkes’ Process according to Duration op Steep, 


Duration of 
Dqjping 
in niinntes. 

Breaking Load 
in 

kilograraines. 

Elongation 

at the point of Rupture 
in centimetres. 

1 

14 

3*6 

2 

15 

3*9 

3 

15*2 

8 

4 

15*62 

6*2 

5 

16*25 

5 

6 

12 

3*8 

7 

15 

3*7 

8 

16-25 

3*8 

9 

16*5 

7*4 

10 

18*5 

6-2 


The pure para gave 7 kilogrammes and 2*2 centimetres. The tensile strength 
therefore inci’eases up to five minutes, then diminishes, then increases after five minutes. 
The elongation increases up to four, then lowers ; after eight minutes it again increases. 

Recommended by Faivsitt . — In a research which merits attention, Fawsitt 
in 1889 specially examined Parkes’ process and became an ardent apostle of it. 
This chemist attributes the complaints as to the durability of the rubber to 
defective manufacture, and he quotes samples of rubber vulcanised by this process 
having preserved air their elasticity and other properties after twenty years from 
their despatch from the factory. Vulcanisation by sulphur chloride dissolved 
in carbon disulphide presents numerous difficulties, only surmountable by observing 
numerous precautions. The first of these is to use only sulphur j)rotochloride 
S 2 CI 2 , and never the perchloride SClg, the action of which is too energetic. One 
can thus use more concentrated solutions, the better to attain the end in view. 
But even if protochloride be used, it is extremely unstable, especially in the light, 
so it is necessary always to have a standard solution ready to make certain that 
the iirotochloride does not vary from one operation to another. Fawsitt was 
perfectly able to obtain vulcanised articles of excellent quality, but the dislike of 
the generality of manufacturers for this process is none the less justified. A 
certain solution of sulphur chloride which succeeds very well in the first instance 
■may be altered by the use of imperfectly dehydrated carbon disuli)hide, or 
imperfect storing in a spot badly protected from light and moisture. Vulcanisation 
with such a solution will not produce the original effect, and the negligent or 
clumsy worker will simply have employed a decomposed liquid, containing only 



VULCANISATION OF NORMAL RUBBER 


167 


liydrocliloric acid and a little sulpliui* deposited on the bottom of the vessel. 
Yulcanisation will therefore either not be effected at all or only imperfectly. 

The toxic effects of carbon disuljpMde. — Again, the operation, as described by 
Parkes, is dangerous to the health of the workman, and all the possible ventilations 
proposed by Fawsitt as preventatives can only increase the evil instead of 
remedying it.^ The carbon disulphide which is used as a vehicle does not act from 
its toxic effect, but by the intense cold which it generates during its rapid 
evaporation. Rapid evaporation being increased by energetic ventilation, cerebral 
congestions are frequent and fatal. • * ' 

Petrolewni spirit and benzol as vehicles instead of carbon disulphide. — Petroleum 
spirit should' thus be substituted, as proposed by Humfrey, for the vehicle used 
by Parkes, or, better still, benzol, which gives excellent results, provided it be 
perfectly dehydrated. 

Yulcanisation by the vapour of chloride of sfidphur alone . — But there actually 
exists a much more inoffensive process of vulcanisation by sulphur chloride. 
As in cloth bleaching, a kind of sulphuratqr is made, lined with lead, and perfectly 
tight ; the objects to be vulcanised are suspended therein. The sulphur chloride 
is placed in a bowl, standing over a chafing-dish, with a fire in it, and the 
sulphurator is closed. The operation goes on without any further intervention, 
and the simple washing of the objects in water, to which a little ammonium 
hydrate has been added, after they come out of the leaden chamber,, removes 
useless and injurious substances which have formed on the indiarubber during the 
reaction. Parkes’ process, or vulcanisation in the cold by sulphur chloride dissolved 
in carbon disulphide, petroleum spirit, or benzol, as well as the process by the 
vapour of sulphur chloride alone, were, until recently, used to the exclusion of all 
others, for the vulcanisation of cloth for waterproof garments, or, to speak more 
correctly, for the vulcanisation of the thin layer of rubber which renders the stuff 
impermeable. 

Vulcanisatio 7 h by dry , steam. — Since then it has been thought right to abandon 
the cold process, as well as the process of vulcanisation by the vapour of sulphur 
chloride alone, in favour of vulcanisation by dry steam. Three houses only in 
France employ this new process ; , Britain (more especially Scotland) counts a rather 
greater number of factories which have adopted the vulcanisation of fabrics by dry 
steam ; but it is particularly in America, where the process was invented, that the 
method is most employed. 

Litharge a necessary adjunct. — This vulcanisation, in a special oven, does not 
yield good results unless litharge intervenes with the sulphur, the htharge acting, 
so to speak, as a drier. Without litharge the vulcanised piece would remain 
greasy and tacky to the touch. Until quite recently only black coloured rubbers, 
or rather fabrics, could be obtained in this way. 

It is only lately that a French house has xiroduced by the dry steam process 
vulcanised cloth of all shades, with the exception of a perfect white. Unfortunately 
the x^rocess is kexjt* secret, and it is impossible to give any x^^i^ticulars regarding 
it.2 . . . 

PawsitVs experiments and researches on vidcanisation by dry steam vn presence 
of iodides . — Mr. Charles A. Fawsitt, the numerous researches of whom on the 
vulcanisation of indiarubber by sulxjhur chloride we have already had occasion to 
mention, gave in the Journal of the Society of Chemical Industry for 1894 the 
results of a remarkable research on the new process of vulcanisation by dry steam 
in the presence of iodides. 

Whilst reserving our opinion on the methods adopted and more particularly extolled 
by the author, experience has not everywhere given equally satisfactory results, and 
the subject is yet too new to be completely elucidated. Fawsitt thinks that the best 
way of enumerating the reasons which have induced British, American, and French 

1 See also the llishs and Danr/ets of Various Occupations (Scott, Greenwood & Co.), 
Xip. 168-172, for further details of the industrial hygiene of rubher manufacture, 

^ The litharge is x>ossibly replaced by a manganese drier. — T e. 
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manufacturers to adopt tliis new vulcanisation process, is, first of all, to explain 
the advantages and disadvantages of both processes. The odvanta^f/es of tJm cold 
process are : — 1. The production of what is called the transpa]*ent layer, still so 
much appreciated, although a little less so for siini)le woven goods, 2. The 
rapidity and the cheapness of this process compared with the dry heat process. 
What is here meant by cheapness does not apply to the comi^osition itself, but 
simply to the cost of manipulation. 3. The non-efflorescence of goods treated in 
the cold, a very important point, w'hich has not been satisfactorily explained. As 
bearing upon this, a short digression may be made and one or two points connected 
with efflorescence which may be of interest mentioned. 

Points connected %oith efflorescence, — How is it that with rubber treated in the 
cold we can use 9 to 10 per cent, of sulphur without fearing efflorescence, whilst in 
the dry heat process 3 per cent, would be dangerous? Some say it may be 
explained in this way : the rubber has not been treated above the melting-point of 
sulphur. Pawsitt tested this assertion by heating three pieces of waterproof, 
prepared in the cold, and containing more than 6 per cent, of siilijhur, above the 
melting-point of that body, but Fawsitt did not get any efflorescence. 

Disadvantages of the cold process, — 1. The principal reason which has induced 
manufacturers to adopt the dry heat process is that often the cold x^rocess deteriorates 
the goods, and that fr(3m causes which have not been explained. This deterioration 
is generally attributed to the oil contained in the stuff, but in that case it is only 
accidental ; without doubt, manufacturers make defective mixtures, but they prefer 
to attribute the fault to others. 2. The injurious action of the vapour of carbon 
disulphide on the workpeople attending the plant. In some manufactories this 
action m reduced to a minimum, and does not give rise to any difficulty, hut it is 
not so in the generality of factories. 3. The greater number of manufacturers say 
that goods prepared in the cold do not stand hot climates nor cold climates so well 
as might be desfred. In hot climates the intense light, the heat, and the emanations 
from the ground exert a powerful decomposing action. Light is the principal 
agent of this alteration. 4. It is not possible to adulterate rubber so easily 
when sulphur chloride is used, which, iu this age of cheapness, is a matter of 
great importance. Bubber vulcanised in the cold is better vulcanised than by any 
other way. However, is it easy or even possible to accomplish in the case of cloth 
what can be done with a sheet of rubber ? 

Advantages of the dry heat process . — The advantages of the dry heat process 
are explained, for the most part, by the disadvantages of the cold, because — 

1. There are few complaints as to damaged goods, and cloth with a proportion of 
oil may be used which could not be done in the cold process. But if the damage 
arising from the action of the stuff on the coating' of rubber may be greatly reduced 
iu the dry heat j^rocess, it must not be inferred that this damage does not exist ; 
and on black and brown calico, a good layer of rubber decomposes within twelve 
months j that is due to the mordant and the colours used. 2. The use of carbon 
disulphide is avoided. _ 3. The coating of rubber resists great cold and extreme 
heat better than that vulcanised in the cold. 4. Cheapness. 

■ Disadvantages of the dry heat process. — As far as the disadvantages of 
the dry heat process are concerned, we have— 1. The danger of efflorescence, 
the principal cause of the comijlaints addressed to manufacturers; and as 
black paramattas become more and more fashionable, this is a very important point. 

2. The space , occupied by the stoves. 3. The cost of vulcanisation for a given 
length of stuff is double that of the cold process ; this drawback is compensated by 
the possibility of making a cheaper coating, but the advantage is none the less in 
favour of the cold process. 4. The impossibility of producing a transparent 
coating which is both supple and elastic. It may be asked why the dry heat 
process is not used for waterproof goods, since it is used for other objects. It is 
because ^ although the rubber is well applied, and with less danger of efflores- 
cence with dry heat, this process would be fatal to the colours of the stuff, and ' 
to the stuff itself. Before the invention of the dry heat 23 rocess, the steam process 
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was used, but never on the larger scale, except for black clotli and white cloth. 
When manufacturers who were accustomed to w'ork by the steam process and by 
the cold process commenced to use the dry heat process, numerous difficulties 
arose, which were not easily overcome. If, therefore, we take a iuece of rubber 
mixed with 4 per cent, of sulphui', and heat it to 121° C. (249 -8° F.) in a stove 
with dry heat, the rubber softens and becomes useless; but if the same. piece of 
rubber be heated in steam, it is satisfactorily vulcanised. It is thus necessary to 
make different mixtures for each kind of coating. Moreover, the difficulty of both 
preventing efflorescence and producing satisfactory vulcanisation has caused much 
annoyance, and experience has often been gained by the loss of customers, the 
weather constituting the factor which affects the sale of rubber goods most strongly. 
Again, persons accustomed to buy transparent, well-finished garments, velvety to 
the touch, are not easily induced to buy simple woven goods with a dark coating 
awanting in softness to the touch, and not so elastic. Of course, in the case of 
light-coloured stuffs it is not so important to avoid efflorescence, but in the case of 
black or dark stuffs it is necessary to avoid it completely. The evil may be 
avoided by using a high temperature or a continuous heat, but then the stuff would 
suffer. It has been found that woollen stuff’ is attacked slightly at about 116° C. 
(240*8° F.), hence comes the importance of heating gradually and for a longer 
time. With the coating applied by the dry heat process the temperature cannot 
be allowed to go below 114° C. (23 7 ‘2° F.), the melting-iDoint of sulj)hur. Hence 
comes the necessity of bringing the heat of the stove as promptly as possible to 
this temperature. As far as the duration of the heat is concerned, it depends 
entirely on the composition of the coating, but it requires on an average one to 
two hours at 116° to 118° G. (240-8° to 244.*4° F,). 

The use and construction of stoves require much practical knowledge. Steam 
at 4J kilos, (say of 10 lb.) pressure would be more than sufficient to produce a 
temperature of 114° C. (237*2° F.), supposing no heat was lost by radiation; but 
in the case of large stoves the pressure is raised to 27 kilos, (say 60 lb.). It is 
more economical to work with even greater pressure, for then the heat may be 
brought more promptly to the melting-point of sulphur, and more work can 
therefore be done in a given time. 

Some years ago Fawsitt’s firm were asked to supply a mixture capable of giving 
a' transparent coating with dry steam. He made a number of experiments, which 
ended in the production of a substance which answered well for the end in view, 
and apifficable not only for this special kind of work, but also to others which had 
not been foreseen. When the laboratory experiments were finished, the North 
British Rubber Company, Edinburgh, which had the longest experience of the dry 
process of any firm in Great Britain, were good enough to make practical tests, 
and, in 1891,’ under the supervision of Mr. A. Douglas, they succeeded. It was 
proved that this substance was suited for the production of transparent coatings, 
and it was introduced into the manufacture of such objects as fishing stockings. 
There are therefore to be found on the market objects now being manufactured by 
this firm, the most important of which is the fishing trousers. The rubber is 
exceedingly supple ; by exposing the stuff to not too high a temperature, and for 
a short time, the risk of acting on it is diminished. Two transparent samples were 
sprinkled with the same rubber as the fishing stockings. The silk sample was 
sinunkled in . July 1891, and vulcanised for three-quarters of an hour at 116° C. 
(240*8° F.). Another silk sample was sprinkled in June 1893, and heated for one 
hour only at the same temperature. These samples, especially those which were 
very slightly sprinkled, are supple and pleasant to the touch and of a beautiful 
appearance. Two samples of coloured sheet rubber were prepared by Messrs. W. 
Warne & Co. These samples only contain 2 per cent, of vulcanising agent, that is 
to say, of the iodides of the heavy metals mixed with sulphur. In his patent Fawsitt 
claims all the compounds of iodine and bromine. He found, however, that the 
iodides and the bromides of the heavy metals yield the best results ; that sulphur 
was necessary, and that, without it, it was impossible to succeed. 
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Dediictions and conclusions ^ — ^Tlie following are tlie points established in. 
these experifiieuts 1. The minute amount of the compound necessary to 
ensure complete vulcanisation. The iodide might be reduced to per cent, the 
sulphur being 2 per cent. ; ]jer cent, of mixture does not in any way affect 
the transparency of the rubber. 2. The comparatively low temperature 
required for complete vulcanisation. This point seems important, for most 
manufacturers experience great difficulty in vulcanising in a satisfactory 
manner at a temperature which does not injure the stuff. The extreme sensibility 
of the vulcanising agent to heat was rather a drawback at the beginning of the 
experiments, because too near an approach was made to the operations made with 
mixtures for dry heat. In the first trials, 15 per cent, of iodine and 6 ^ler cent, 
of sulphur were used, and what was astonishing was that these samples were 
vulcanised between 93“ and 96“ G- (199*4° and 204*8 F.), much below the 
melting-point of sulphur, which was quite unusual, and proves that the re- 
action which takes place is quite different from that which occurs in the ordinary 
process, where there is no apparent action below 114 G. (237*2 F.), even although 
there be a considerable proportion of vulcanising agents. Naturally, when such 
a large proportion of vulcanising agents is used, . a large quantity of this^ product 
remains useless, to such an extent that it may later ^ on affect the iiidiarubber. 
This was proved by heating a piece of rubber of this kind between 116 and 118 
G. (240*8“ and 244*4“ F.), but for thirty-nine minutes only. The piece became 
quite hard. The property of the vulcanising agent of acting below 114 G. is not 
of any great importance at present, but it may receive a useful application later 
on, 3. The rapidity of the operation was surprising, for half an hour sufficed 
when 3 per cent, of vulcaniser and 2 per cent, of sulphur were used; when a 
larger quantity was taken, and a high temperature, vulcanisation was effected in 
a few minutes. With 15 per cent., ten minutes’ heating at 121° G, (249*8 F.) 
was sufficient. Rapid vulcanisation is distrusted ; that is quite natural, for the 
method generally used requires no less than two hours at 114° C (237*2° F.). 
It was found that, with the new compound, it was best to only use a small pro- 
portion, and to prolong the heat ; but one hour appeared to be sufficient for all 
ordinary purposes when 1 to 3 per cent, of compound was employed with 2 per 
cent, of sulphur. With these proportions the vulcaniser appeared to be exhausted 
after one hour’s heating. To prove it, Fawsitt cut a piece of mixed rubber iii 
two, and heated one portion during an hour at 116° G. (240*8° F.) and the other 
for three hours ; at the end of that time both were equally vulcanised. The 
vulcaniser, by acting so rapidly at so slightly elevated a temperatute, is very 
economical, from the fact that, in a given time, a stove can do more work. That 
is the grand advantage of the dry steam process. Mr. Waddington has taken out 
a patent for a continuous stove, and Messrs. Charles Macintosh & Go. and other 
manufacturers use it. In this stove the stuff is drawn slowly along ; it rises and falls 
a great number of times before being rolled on a cylinder outside. It would api^ear 
Lhat here fresh progress had been made, because by this system the stuff can be 
tested when desired, and the speed of the rolls regulated according as the rubber 
is vulcanised too much or to too small an extent. This system also prevents 
the false folds (kinks) produced in the ordinary stoves, and will be specially 
applicable when the new vulcanising agent is used, as it is more sensible to heat 
than any of the substances used in ordinary working. A difficulty presented 
itself at the outset, which caused some annoyance, but a way was found of 
obviating it. On wool, vulcanisation was satisfactorily effected ; not so with calico, 
dyed brown or black. On one occasion calico with black and white squares had 
been operated on. On the black the coating was soft and not sufficiently 
vulcanised; on the white it was perfect. As black woollen stuff was exemjjt 
from this peculiar action, it could only be due to the different way in which the 
colours had been fixed in the two cases.' The failure with calico was thought to 
be either due to the mordant alone, or to the mordant combined with the dye ; 
Avith cloth of many colours it was difficult to say which were those which exerted 
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an injurious influence. Fawsitt therefore procured a cotton thread dyed with 
different colours, and ina<le woven strips of it, on which he spread the rubber x)aste, 
•containing a j)roportion of vulcaniser more than sufficient to vulcanise it. After 
being treated for two hours between 116" and 118" C. (240*8" and 244*4° F.), it 
was found that the coating on the whites, the blues, the greys, and certain shades 
of brown were perfectly vulcanised, but that the blacks and the deep browns 
were not sufficiently vulcanised. As it was the stuff dyed black which had 
given the greatest amount of trouble, Fawsitt tried to find out the cause of it. 
Ho commenced by taking the opinion of an experienced dyer to try to find out 
what had been the process employed in the dyeing of the thread. After a critical 
examination he said the mordant was an iron mordant, the tannin “prepared,” 
and the dye logwood. Fawsitt then took three pieces of white calico — No. 1. 
was steeped in a solution of iron mordant; No. 2 in a solution of tannic acid; 
No. 3 in a solution of logwood. Fawsitt then dried them, and spread over their 
surface a paste of rubber of the same composition as that previously used. After 
vulcanisation Fawsitt dried them at 116° 0. (240*8° F.), and in each case the 
coating was of good quality ; thus, taken separately, the reagents did not hinder 
vulcanisation. Three pieces of stuff were cleaned and treated as follows : — No. 1 
was dipped into the iron mordant and then into the tannic acid. No. 2 was dipped 
into the iron mordant and then into the logwood extract. No. 3 was dipped into 
the iron mordant, then into the tannic acid, then into the logwood extract. After 
drying, the rubber paste was spread on their surface and they were treated as 
formerly. No. 1 was vulcanised, but Nos. 2 and 3 were not vulcanised, which 
evidently proved that the fault lay with the compound which was formed between 
the oxide of iron and the colouring matter of the logwood. Want of time pre- 
vented this subject being further studied, and the cause of this action ascertained. 
How could this dyeing mixture influence the iodide or the mixture of iodide and 
sulphur to the point of preventing the vulcanising action ^ It seemed almost that 
this tinctorial compound acted on the sulphur, or combined with it so as to with- 
draw it from the action of the iodide ; for the addition of supplementary sulphur 
was an antidote, so far as vulcanisation was concerned ; but was the use of 
this addition admissible in the case of black stuff, on account of the danger of 
efflorescence ? A possible explanation might be that the cloth which is generally 
sold might contain a little mordant removable by washing or greasy matter. Ac- 
cordingly, pieces of stuff containing a good mixture of black and brown were 
treated as follows : — No. 1, treated three times with ether to remove the grease. 
No. 2, boiled three times in water. No. 3, boiled with weak ackl, then with 
water. No. 4, boiled with weak alkali, then with water. After drying, Fawsitt 
spread the rubber paste, and vulcanised two hours at 116° C. (240*8° F.).^ The 
coating thus formed was of no value, which condemned the theory, according to 
which the grease or the mordant remained in the stuff. Jt has been known for a 
long time that copper and its compounds exert a deleterious action on rubber. 
That opinion has been expressed by Thomson {Indiwmhher Journal^ 1891, 
p. 328), but in the case in question there was no copper. Fawsitt asked Mr. 
Christie, of the firm of J. Orr-Ewing (fe Co., a very competent chemist in regard 
to cotton-dyeing, if he could give an explanation of this fact. He thought that 
it might be due to the presence of peroxide of iron, and advised the testing of a 
piece of the buff cotton used so much for window blinds ; this stuff w^as free from 
all foreign matter such as tannic acid and campeachy wood used in dyeing brown or 
black. His advice was followed, and it was found that the action of the vulcanising 
agent was retarded, which almost proved that the peroxide of iron was the sole 
cause of the failure ; but if that were so, what was the reaction that took place h 
Although this was a special question, and almost inexplicable, the remedy was to allow 
its use on calico. This remedy consisted in first giving to the stufi a coating of 
pure indiarubber i^aste mixed with 2 per cent, of sulphur, a mixture often used 
in the ordinary dry heat, process to prevent efflorescence. The study of the action 
of dyed fabrics on the''"indiarubber coating is important, not only for indiarubber 
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not less than 1 '840, and brought into contact by violent agitation ; allowed to j 

stand for some time, the acid drawn off by a stopcock from the bottom, the acid ) 

operation again repeated, and the spirit is drawn into a close vessel, avoiding i 

exposing it to air, especially damp air ; about 2 to 3 lb. of protoxide of ead and i 

1 lb. of peroxide of manganese in fine powder must then be added to 100 gallons ■ 

of spirit, and the mixture must be well and repeatedly agitated. The spirit is 
fit for use, and will become bright by a few hours’ resting.” The patentee also 
rectifies the spirit by first agitating with and then distilling over calcium chloride. 

At the present day, however, the petroleum distillers sell a rectified deodorised 
petroleum spirit equally pure with any that could be prepared by the above 
process. It is not necessary for the manufacturer to multiply operations by 
becoming a petroleum spirit refiner and rectifier. 

(4) Qa/ultier de Glauhryh process . — This process (similar to Parkes’) consists in 
using, in place of sulphur chloride, a mixture of sulphur and hypochlorite of lime. 

The mixture soon heats and gives off* sulphur chloride. If the mixture be now 
added to the rubber, vulcanisation goes on of its own accord, or by aid of a gentle 
heat j the results are the same as with Parkes’ process. 

(5) Gerardos sodium polymlphide {liver of sulphur) process. — It has been 
claimed for Gerard that he was the first to use allcaline sulphides, especially 
potassium penta-sulphide, in vulcanisation. But alkaline sulphides had been pre- 
viously used by Charles Hancock in the preparation of gutta percha (British 
Patent, 11,874; 1847), and by Moulton in the vulcanisation of rubber (British 
Patent, 13,721; 1851). Moreover, Gerard did not (or could not) obtain a 
British patent for this purpose. He immersed the articles in a liver of sulphur of 
25** B4., and then baked them, under pressure, at 138° to 140° C. (280*4° to 284° F.). 

This process yielded excellent results; the rubber is vulcanised well and very 
regularly. When it is carefully washed its surface is smooth and soft and velvety, 
and does not afterwards give any alkaline reaction. Its great defect is that it is 
only applicable to small thin articles. On boiling, even under ordinary pressure, 
potassium sulphide destroys the tackiness of rubber. Liver of sulphur, 8 to 12 
per cent, added to rubber, even in admixture with oxide of zine, or carbonate of 
Hme and quicklime, gives equally good results. 

(6) Gerardos alkaline process. — By another process, Gerard prevents or greatly 
lessens the spontaneous decay of blocks of vulcanised rubber of certain size, a result 
which, with the preceding process, can only be effected in the case of thin articles. 

It consists essentially in mixing lime slightly slaked with the rubber, which, by its 
great fineness, can thus become incorporated with the interior of the mass. After 
sprinkling 100 parts of rubber with a mixture of 6 parts of sulphur and 6 to 10 
parts of powdered lime, the ingredients are thoroughly mixed by passing the mixture 
through mixing rolls, heated between 45° and 50° C. (113° and 122° F.). The 
mass is then blocked, cut into sheets, and made into objects of any desired shape. 

Yulcanisation is eff’ected in a closed vessel in a steam bath, at a temperature, of 
140° C. (284° F.). The operation lasts one and a half to three hours, according 
to the thickness. It then undergoes a kind of washing process, in which the 
surface loses some of its lime and sulphur. It is therefore less vulcanised, yet 
more supple, whilst, in ordinary processes, the superficial layer is vulcanised more 
strongly, and is thus harder and more brittle. The presence of lime in the sheet 
is opposed to the internal disengagement of sulphuretted hydrogen, and conse- 
quently to blowholes. Again, the rubber cannot assimilate an excess of sulphur, 
which combines, in preference with the lime, to form an alkaline earthy sulphide. 

Gerard called the rubber vulcanised by this method alkaline rubber, and claimed 
that the substance possesses all the properties of rubber vulcanised by Goodyear’s 
and the potassium polysulphide processes, and is superior thereto by being more 
tenacious, from the fact that it can resist temperatures of 180° C. (356° F.) for 
several years without undergoing any change, a circumstance which enables it to 
be used in the making of boiler and steam-pipe joints. 

(7) Bvjrkds antimony sulphide vulcanisation process . — Antimony sulphide is. 
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manufacturers, but also for dyers ; and it seems that the solution of the problem 
ought uot to be left to manufacturers, but submitted to the dyeing schools, who 
pay but little attention to this >subject. Some rich indiariibber manufacturers 
would do well to encourage the study of these questions in technical schools. An 
important point is that by means of the new vulcanising agent a coating of coloui'ed 
rubber may be e&,sily obtained without the addition Of a large quantity of pigment 
to the rubber. In the ordinary dry heat process it is difticult to obtain a good 
coloured coating, if only as much pigment be used as will enable the mixture 
to retain its elasticity. Goloitred coatings are vulcanised in a period of time 
dej^ending on the. proportion of the vnlcaniser and the material added, but the 
general time is from three-quarters of an hour between 116° and . 11 8“ C. (240*8° 
• and 244t4° F.). The vulcauiser in question mixes very well with pigments,, but 
some retard its action. It seems that the coatings obtained with it may be 
finished -without farina, because tlie surface is dry and supple. This appears an 
•argument in its favour, for farina seems to exert an injurious action on the surface 
of the rubber, because it is liable to become .damp, and then ferment. But not 
only so, the moisture brings the farina to the surface of the garments, where it 
leaves aggravating spots. Fawsitt adds that the iodide employed by him in the 
manufacture of fishing stockings was antimony iodide chosen in preference to tin 
iodide on account of its cheai3ness and the good results obtained by its use. He 
also used tin iodide with good results j but, having started with antimony iodide, 
it was not afterwards thought worth while to change. 

(2) Modification of Farlces" process. — ^Parkes’ modified method consists in 
vulcanising a mixture of rubber and solid sulphur chloride : — Four pounds of 
rubber and six and a half pounds of solid sulphur chloride are simultaneously 
put through the mixer. The time required depends on the speed of the mixer, 
and the weight of the charge. It is therefore necessary from time to time to take 
samples and test if the elasticity be sufiiciently developed. The mass is then 
taken out, compressed in a mould, whilst still hot, and afterwards washed. There 
is no advantage in this process, and the trade do not use it. 

(3) Himifreyh process (British Patent, 3183; 1863). — The use of carbon 
disulphide, in the steeping process, is attended, from a hygienic point of view, 
with grave drawbacks, which it is important to remedy. Humfrey therefore 
proi^oses to replace carbon disulphide by another solvent, and, according to him, 
petroleum spirit replaces it both economically and hygienically. But the petroleum 
spirit must be perfectly anhydrous. To render it anhydrous, 60 to 80 kilos. 
(132 to 176 lb.) of petroleum are run into a vessel fitted with an agitator, and 10 
l^er cent, of suli^huric acid of 168° Tw. sp. gr. 1*84 added; the mixture is stirred for 
some time, and then it is allowed to stand to allow the sulphuric acid to completely 
separate from the hydrocarbide. The petroleum is then transferred to another 
vessel by decantation, 200 to 250 grammes of quicklime per hectolitre (from 7 to 
9 oz. per 22 gallons) are added, as well as a little manganese, and distilled. To 
test if the petroleum spirit is dehydrated enough to dissolve sulphur chloride, a 
small fragment of potassium is dipped into it, and after a few minutes, if the 
potassium diminishes in brilliancy, the petroleum is not dehydrated, and 
the potassium is covered with a layer of potassic hydrate. The function of the 
manganese is to absorb all traces of sulphurous acid which might be formed by 
the action of the sulphuric acid on the petroleum. Petroleum spirit is not 
without toxic ejSects, although perhaps not so dangerous as carbon disulphide. 
The abridgment of Humfrey’s English specification will be better understood. 
In it no mention is made of quicklime ; calcium chloride is the dehydrating agent 
specified : “ Light spirit of petroleum dissolves indiariibber with great facility, 
but on evajjorating this solution the deposited gum remains sticky, its elasticity is 
destroyed, and in other respects it is unfit for use. The cause of this appears 
to the inventor to be owing to the petroleum spirit being a hydrate, and, 
in order to dejprive it of its water of hydration, 100 gallons of the spirit, 
sp. gr. 0*725, are mixed with 10 gallons of sulphuric acid, of a strength 
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certainly, the most important of all metallic sulphides suggested or tried. 
Experience has, moreover, consecrated it for certain special purposes. Hancock 
(British Patent, 11,576 j 1847) recommended it, with other metallic sulphides, for the 
vulcanisation {sic) of gutta percha, and W. Burke (British Patent, 12,591 j 1849) for 
the vulcanisation of waterproof fabrics. Burke used precipitated antimony sulphide, 
made as follows : — To 1 part of crude antimony sulphide 25 parts of crystallised 
sodium carbonate or 20 parts of potassium carbonate dissolved in 250 parts of 
water are added ; the whole is boiled in an iron pan for thirty to forty-five minutes, 
after which the undissolved materials are allowed to settle. The solution is filtered 
whilst still hot, and the potash or soda is neutralised by hydrochloric acid, in slight 
excess. There is thus obtained a billky precipitate of orange red antimony sulphide 
{Kermes)^ which, washed to free it from hydrochloric acid, is dried very gently to 
expel moisture. Five to fifteen per cent, of Kermes is mixed along with the rubber, 
according to the required degree of elasticity, then vulcanisation is proceeded with 
at a temperature of 126” to 137” C. (258*8” to 278*6” F,), Rubber so prepared has 
a brown colour ; it excels not only in strength and elasticity, but also in the faculty of 
resisting the influence of the solar rays, and of preserving its softness and flexibility at 
a low temperature — essential qualities for garments. It has the further property of 
not producing an efflorescence afterwards on the surface of vulcanised articles, and 
contact with metals is less injurious to it than to other vulcanised rubbers. 

(8) Moulton^s lead sulphide process , — ^To this class of processes belongs that 
described in British Patent, 11,567 ; 1847 (Moulton) — vulcanisation by sulphide of 
lead. Moulton employed lead sulphide for elastic articles, or mixed with magnesium 
carbonate for harder articles of greater tenacity. This same inventor (British Patent, 
13,721; 1851) likewise recommends a mixture of sulphide of lead, or zinc sulphide 
with salts of lead and zinc. Vulcanisation by lead and zinc sulphides appeared to 
Moulton to impart great flexibility to rubber, without inducing any efflorescence. 
It is the same with the mercuric sulphide p)rocess ; but the high j)rice of mercury 
prevents its use, except where vermilion fulfils the r61e of both vulcanising agent 
and colouring princiiDle, but otherwise it gives good results (British Patent, 1218; 
1864, Bateman: and 2541 ; 1866, Forster). 

(9) Turmr^s process is based on the simultaneous employment of the sulphides 
of bismuth and lead (melting 5 lb. of bismuth and 5 lb. of lead, to the fused 
alloy of which 5 lb. of sulphur are added). The pulverised mass is mixed in the 
proportion of 1 part with 3 parts of rubber, and vulcanisation is effected at a 
temperature of 138” to 142“ 0. (280*4” to 287*6“ F.). It is claimed for rubber so 
vulcanised that it stands heat well. According to Turner (British Patent, 305 ; 
1866), it would support 200” 0. (392” F.) without either hardening or becoming 
brittle. But test experiments by Heinzerling have not confirmed these predictions. 

(10) Schwanitz^s glycerine vulcanisation process . — This is only a slight modi- 
fication of Goodyear’s. It consists in adding a certain dose of glycerine, and 
heating in a glycerine bath. According to the inventor, rubber so vulcanised 
stands the actions of oils and fats well, without losing any of its other qualities. 
The glycerine is incorporated by itself, or a mixture of glycerine and solid bodies, 
such as oxide of zinc, chalk, flowers of sulphur. The inventor specially recom- 
mends the following mixture : — 

; Table XXXIV. — Showing Ingeebients oe Mixture eor Curing Rubber 
BY SCHWANITZ GlYOERINE PrOOESS. 

Parts. 

Indiambber . . . . . . . 3*0 

Chalk . . . , , . . , 3*0 

Glycerine . . . . , . . 0*5 

Flowers of sulphur . . . . . . 0 *1 
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Articles manufactured from this mixture are heated for about two hours in an 
autoclave at a pressure of about 2 atmospheres. The duration of the heating 
depends on the thickness of the sheets. Treatment with pure glycerine should 
suffice, according to Schwanitz, in the majority of cases, e.g, to render the rubber 
unattackable by oils and fats. One is at a loss to understand how glycerine by 
itself is capable of imparting this property to rubber. Its action in presence of 
litharge, with which glycerine forms a very solid resistant mastic, is rea-dily 
understood.^ 

(11) The Trietallisation proceBs of the Franco-American Company, whereby 
vulcanisation is effected (according to the Moniteur Indn,&tHel^ 1880, vol. vii. p. 
64) by the intervention of lead or antimony in impalpable powder may also be 
mentioned, but a decision as to the value of this process, or the special methods by 
which this mixture is applied, cannot be arrived at for want of the necessary data. 

(12) The same remark applies to the vulcanisation process suggested by Balard, 
in which sulphur chloride is replaced by suljffiur bromide, the process not yielding 
any marked advantage over the chloride. 

(13) Finally, the process of Moureley, of Manchester (1884), • which has the 
undoubted advantage of not leaving in the rubber any ulterior effect from free 
sulphur, may be recalled. It consists in vulcanising rubber with 2 to 3 per cent, 
of sulphur in ammoniacal solution of 12 per cent, strength, or in the midst of 
ammoniacal vapours. 

Yulcanisationproperlyso called — Definition — Infimnce of temperature. — ^Vulcan- 
isation is the result of the heating of rubber, intimately mixed with sulphur or its 
derivatives, in a stove or by su 2 }erheated steam. The most favourable temperature 
for vulcanisation is from 120” to 136° G. (248° to 276 ’8° F.). The opinion 
according to which vulcanisation takes i)lace at 110° 0. (230° F.) is erroneous. 
Heinzerhng proved, by a series of direct experiments, that when rubber is sub- 
mitted to a temperature of 100° C. (212° F.) for four or five hours, there is no 
trace of vulcanisation. For vulcanisation to take place, the melting-point of 
sulphur, namely, 113° C. (235 ’4° F.) must always be exceeded. The selection of the 
right heat for vulcanisation, according to circumstances, constitutes the most 
delicate point of this operation. Too great a heat scorches the material, which 
thus loses its elasticity, and quickly becomes brittle, especially on the surface ; with 
too low a heat vulcanisation is only superficial, and does not reach the heart of 
the object. 

TeBt for differentiating hetioeen perfectly and imperfectly vulcanised rubber . — 
A characteristic sign by which an incompletely vulcanised rubber may be recog- 
nised is to draw it out at a gentle heat ; if comjffetely vulcanised, the rubber 
easily reassumes its 2 )rimitive form ; if not, it remains 2 )artially stretched. If a 
strong pressure be exerted on incompletely vulcanised rubber, a permanent hollow 
is formed. 

Length of time required far perfect vulcanisation . — The time required for 
complete vulcanisation depends on — 1. The quality of the rubber, e.g.^ Para 
rubber vulcanises more slowly than soft, sticky East Indian sorts. 2. The cross- 
section of sheet to be vulcanised. Thin articles are vulcanised within the first 
hour ; thicker objects require two to three hours. 

Stoves. — Hot-air masonry stoves were formerly used, the wrought sheet-iron 
bottom of which received the direct heat of the flame by means of flues arranged 
ad hoc. The objects to be vulcanised were ifiaced in the stove and kept at a 
certain distance from the bottom by means of special hanging lines, either 
horizontal or vertical, so as to receive the heat equally all over. These stoves are 
no longer used, except in special cases, in the manufacture of varnished indiarubber 
shoes and certain garments termed stovo-vulcanised. But in vulcanising by hot 
air the ^presence of litharge in the vulcanising matter is indisj)ensable j without this 
body no vulcanisation takes j)lacc. These stoves are at the jiresent day reidaced 

^ Glycerine may neutralise the free fatty acids in the nasecut state, and thus prevent them 
from accumulating and acting on the rubber. — ^Tii. 
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by superheated water or steam vulcanisers. The* use of steam under pressure 
enables the temperature to be regulated more easily than by hot air . — Steam 
vulcanisers , — As a steam bath there was formerly used an apparatus in which 
rubber was vulcanised, whilst at the same time steam was generated therein. 
These boilers are now replaced by special apparatus in connection with a steam 
boiler. The pressure is regulated by a valve, which is controlled by a manometer 
on tlie outside of the vulcaniser. Before describing a vulcaniser , of this kind, it 
will be useful to give a table of the tensions of steam at different temperatures 
between 100“ and 150° C. 


• Table XXXV. — Showing the Tension op Steam at Difperent 

Temperatures. 


Temp 

'’C. 

erature. 

“F. 

Tension 
of the Steam 
in Millimetres 
of Mercury. 

Tension in 
Atmospheres.! 

100 

212 

760*000 

1*00 

105 

221 

906-410 

1*19 

110 

230 

1075*370 

1*41 

115 

239 

1269 *410 

1*69 

120 

248 

1491*280 

1*96 

126 

257 

1748*880 

2*28 

130 

266 

2030*280 

2*67 

135 

275 

2353*730 

3*08 

140 

284 

2717*630 

3*57 

145 

293 

3125*550 

4*11 

150 

302 

3581*230 

4*71 


Karmarsch andHeererHs vulcoMuer . — ;The vulcaniser illustrated in Fig. 69 is made 
of very strong wTought-iron. It is often 14 to 20 metres (say 45 to 65 feet) long. 



Fig. 69. — Karmarsch and Heeren’s vnlcaniser. 


which enables comparatively large-sized pieces to be treated. To prevent india- 
rubber tubes being deformed in vulcanising, they are mounted on an iron mandrel, 
the diameter of which corresponds with the inside bore of the tubes. This vulcaniser 
is 50 to 65 feet long, with a diameter of 16 to 20 feet. Its construction is identical 
with an ordinary steam boiler. The body of the cylinder is provided at its open 
end with a cast-iron flange, fitting an identical projection on the lid, so as to form 
an autoclave. Sometimes the projection of the door fits into a groove made round 
the body of the cylinder, and, so that closing may be perfect, half filled by packing 

^The pressui;e in lb. per square inch may be approximately got by multiplying the 
atmospheric tension by 15. ^ t> j i j » 
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consisting of 25 parts of tow and 76 parts of supple alkaline rubber. The lid fits 
into this projection by means of collars, clasps, hinges, and bolts. Moreover, it can 
be moved by fixed tackle, or a sm0,ll crane which facilitates its manipulation, so 
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Fig. 70.— Apparatus for vulcanising small objects by higb-pressure steam. 

that it can either be taken away from or brought back and fitted to the mouth of 
the cylinder. To facilitate the introduction of the articles to be vulcanised a 
tramway is laid down on the bottom of the boiler, on which moves the small 
waggons, mounted on wheels, and fitted up to receive the objects to be vulcanised, 



Fig. 71. — Coster, Rickkers, & Co.’s steam vulcaniser. 

either laid on the .flat or hung up as occasion may require. A steam pipe, fitted 
■with a stopcock, spreads the steam uniformly throughout. It goes right along the 
upper part of the. cylinder, and its lower part is perforated by an infinite number 
12 
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of small holes. The cylinder is surmounted by a safety valve, and a blow-off Cock 
for either air or condensed water is fixed to the lower part. The inside of the 
boiler is furnished with a number of hollow cylinders, provided with springs and 



rapports intended to keep the laminated sheets entabled on the wroucht-iron plates. 
The interior arrangement may vary from one factory to another, according to 
particular requirements of special branches of the industry. 

Yulcaniser for small objects by higjtrpresmre steam.— 70 shows anotlier 
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form of vulcanising boiler, used especially for small objects, and for vulcanising 
by means of water heated by high-pressure steam. It is 60 to 65 inches in 
diameter and from 16 to 20 feet in length. 

The boiler A may be horizontal or vertical. If vertical, it is provided with an 
arrangement for taking off and putting pn the lid ti If horizontal, this lid. can be 
manipulated at will by a similar arrangement. In that case a waggon moving on 
rails is installed in the boiler to support the objects to be vulcanised enclosed in 












;KIi, ).J.i ,)Q; j 


heir iron moulds. The pipe d communicates with the steam boiler. The pressure 
Q the interior of the vulcaniser is regulated by a valve ; iti shows the manometer 
steam gauge), and e the blow-off cock. 

Hot-^odter 'imlccinisers . — These are similar to steam vulcanisers, only they are 
ixed in a vertical position and contain water up to a certain level. The steam 
eaches the vulcaniser, ’’raises the temperature of the water from 125 to 130 C. 
257“ to 266” F.), and Vulcanises the articles dipping into it. 

Rickkers' steam vulcaniser,---Tl'hm is shown in Fig. 71. By fixing it vertically 
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and suppressing tlie rails, it can likewise be used for vulcanising with hot 
water. 

Steam-jach&ted as mdcanisers. — Double-bottomed vessels (steam-jacketed 
pans) may also he used in vulcanising. The steam is introduced between the two 
cylinders, and heats by radiation the air contained in the inside cylinder, and 
consequently dry vulcanises the objects it contains. 

Vulcanising p^'ess or ‘imlcanisation by contact , — It is an advantage in a rather 
large establishment to have a small vulcaniser in which to perform, without any 
great expense, experiments on the vulcanisation of certain rubbers or of certain 
mixtures. These small utensils are called mo^ikeys (marmots). For this kind of 
work (1) screw presses, (2) screw presses with hinged levers, and (3) hydraulic 
presses, etc., are used. 

1. Sere^o presses, — The apparatus is arranged like a letter-copying press. They 
consist of two hollow plates, heated in the interior by steam. The lower plate is 
fixed, and rests on a table or support. The upper plate is raised and lowered by 



Fiu. 74. — Single-scrcw vulcanising press Fig. 75. — Hand power vulcanising press. Plates, 
with all accessories. Plates, 600 by 1250 by 1260 millimetres (say 60 by 50 
600 millimetres. inches). 


means of a male screw turning in a fixed female screw, drilled out of the cross- 
piece. It is guided in its movements by the lateral columns. A manometer or 
steam-pressure, gauge communicates with one of the plates, so that the steam 
pressure may be ascertained and regulated by a valve .fixed on the steam arrival 
pipes. Articles made of mixed rubber are placed in moulds between the two 
plates of the press, which are strongly compressed. The length of time taken 
varies ; generally matter's are so arranged that, with a pressure of between 2 J and 

4 atmospheres, vulcanisation is complete in two hours at the furthest. The time 
taken is often reduced to an hour, and even to half an hour. All depends on the 
proportion of the suljrhur, the steam pressure in the plates, and the nature of the 
mixture. The two organs being suitably proportioned, single-screw presses are 
constructed, with plate, 1 metre (say 3 feet 3 inches) to 1^ metres (say 4 feet) 
square. The largest-sized presses have plates which measure 3 to 4 metres (say 
10 to 13 feet) in length, with a width of 1 to IJ metre (say 3 feet 3 inches to 

5 feet). These machines are provided with two or three pressure screws. So 
that the upper plate may descend regularly and bear uniformly throughout all its 
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lengtli, all the screws should act conjointly. Each screw carries on its upper part 
a toothed wheel of the same diameter. Each of these wheels gears with a corre- 



Fia. 76. — Hand-power screw vulcanising press. 


spending endless screw, arranged on a horizontal shaft, which may be driven 
from a hy-wheel or by. moans of pulleys driven by the factory shaft, which in that 
case works the movements of the upi^er plate mechanically. 



Fig. 77. — Vulcanising press— 'double- screw — Leblanc system. 
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la. Lehlani^s double’-screiu vulcanising p^^ess, — This press is shown in Fig. 77, 
and is of the two-screw type (Leblanc’s construction). The upper plate is wrought 
mechanically. It is 3 metres (say 10 feet) in length and 4 metres (say 13 feet) 
in width, which dimensions enable it to be used for vulcanising indiarubber belts 
and sheeting. 

2. The screio pi'ess with hinged levers is less common, although it does good 
work. 

MongirOs three-plate vulcanising press, — This press consists of a horizontal 
screw, the one half with a left thread, the other half with a right thread ; four- 
hinged levers j two hollow plates, and a suitable frame. Two levers are hinged, on 
the one hand, to a first female screw which surrounds the male screw ; and, on the 
other hand, one to the movable plate and the other to the fixed head of the press. 
The two other levers are arranged in the same way in relation to a second female 
screw on the other part of the male screw. By worldng with a fly-wheel, gearing 



on to the horizontal screw, the female screws approach, or cause by means of the 
levers raise or lower the suitably guided movable plate. The hollow plates are 
heated by steam, and the articles arranged in moulds are compressed between the 
plates as in the ordinary screw press. 

Press with cylindHcal guide, — Coster, Eickkers, Co. construct cylindrical 
guide screw presses of a particular pattern. ‘ The screw, wrought by a shock fly- 
wheel, acts on the upper cast-iron plate with a cylindrical, vertical, mobile body 
j)lacecl inside another fixed cylinder. The plates thus remain quite parallel, and 
the pressure is very uniform. i 

3. Hydraulic press . — In the hydraulic press the motion of the plate is obtained 
by water jn’essure and by the intermediary of accumulators. The two plates are 
heated in the ordinary way, and compress the articles introduced into the moulds. 
This class of press is used more especially to vulcanise transmission belts. The 
plates then often reach 4 to 5 metres (say 13 to 16J feet) in length, and 1 to 
metre (say 3 feet 3 inches to 4 feet) in width. A three “ nip ” hydraulic press is 




-M'i 
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shown in Fig. 81. The plates are guided by four uprights. Fig. 80 shows a 
hydraulic press for belts, driven by six pistons. The powerful machines are also 
made by the Birmingham Iron Foundry. 

Vulcanisation of holloio articles, — Hollow articles, such as balloons, dolls, etc., 
are first of all put together and ‘‘soldered,” then a small quantity of volatile 
liquid, without action on the substance (water, ammonia, etc.), is introduced, and 






the article carefully closed up. In this 
state they are heated and vulcanised in 
moulds of one or more pieces. When the 
heat begins to act, the water is converted 
into wapour of a certain tension, the 
ammonia is volatilised, and the gases thus 
generated exert sufficient pressure to push 
the pellicle of rubber against the sides of 
the mould, which imiDresses itself to the 
very minutest details on the sheet of hollow 
rubber. In addition to these machines, 
eacli factory may design and construct 
appropriate machines, based on the same 
„ principle of vulcanisation, for each si)ecial 

article ot manufacture, such as the hollow rings, the envelopes for imeumatics 
(air and gas vessels and appliances, bicycle and motor car tyres), etc. 

Jjecauvilley mlcamsing presses are fitted with hollow jilates, in the interior of 
wJiicli steam circulates, and the presses may be either one “ nip ” or two “ nip ” : each 
nollow plate has three unions, one for steam inlet, a second for steam exit, and a 
tJiird for the pressure gauge. 

Fresermng the initial form of manufactured rnhher duHng mlcanisation . — 
urmg vulcanisation, whatever may be the shape of the rubber, it will soften, 
unuer tiie influence of heat, so as to warp or assume the imprints of the supports 
icJi Jceep it in position, if care be not taken to ensure the preservation of the 


Fia. 81.— -Plan of hydraulic viil- 
cajiising press with six i)latG.s 
— MoiJgin’s system. 
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shape by suitable packing. Tubes are vulcanised on mandrels, which sufficiently 
preserve their shape. Cushions, rings, and articles are enclosed in special iron moulds. 
Solid articles are placed in sheet-iron cases lined with talc, sheets of a certain size 
between sheet-iron, and thin sheets rolled on a drum with calico linings. 

Blowholes and tJmr remedy , — During vulcanisation a defect often occurs, as 
difficult to avoid as to explain, namely, blowholes which form on the surface of 
technical articles, or which in lined articles (caoutchouc and canvas) even sever the 
two substances. The trade market refuses articles of this kind. Experience shows 
that, where these blowholes occur, a rupture is always to be feared in time. They 



Fig. 84. — Three “ nip ” hydraulic press for vulcanising rubber sheets 6 ft. din. by d ft. 4 in. 


are due to the use of imperfectly dried rubber or to incomplete evaporation of the 
solvent in lined articles. The preparatory mechanical working of too fresh rubber, , 
and more especially the compression exerted on the mass by the tools, collect the 
interstitial water into small vesicles, which, under the influence of heat, become 
converted into steam, and thus form the bells on the spots where they occur. The 
substance often becomes quite porous, not only on the exterior, but also in the 
interior. It is recommended to remedy this first drawback l 3 y adding from 
J to 1 per cent, of quicklime, so as to absorb, in the mixer, all the interstitial 
moisture, experience having i)roved that, after this addition, the wrought rubber 
only very rarely showed this defect. As to separation, this especially occurs in 
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lined articles, made by the interposition of a solution of rubber between the sheets 
of cloth, and not in the case of laminated sheets, and it is the solvent, carbon 
disulphide, benzol, etc., which so acts as to prevent adherence. Certain experts 
think that it is due to sulphurous acid generated during vulcanisation. This is 
not so, and oxide of lead added to absorb sulphurous acid never prevented blow- 
holes from being formed. Attention has already been drawn to the action of 



Fig. 85. — Hydraulic vulcanising autoclave (Decauville, Paris). 

impurities, and of oxidised rubber upon sulphur, and it is possible that the gases 
generated by such reactions aid the formation of these blowholes. 

Hydvobulic autoclob'vs — De^cviptioTi , — The numerous advantages of vul- 

canisation in closed vessels have led to the study of new types of hydraulic presses 
combining the priiiciplo of the autoclave. The autoclave is cylindrical, and 
consists of an iron plate rivetted to a flange or collar and a bottom of cast steel. It 
is fixed to the lid by means of the collar, and is closed by huts and screw bolts. 
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The cast-steel bottom of the autoclave carries a stuflSng-box in which the piston of 
the press glides. The moulds placed on the plate are therefore, whilst subjected 
to hydraulic pressure, in an absolutely closed space, and are thus brought to a 
strictly uniform temiDerature. This autoclave moves in a vertical direction by 
three hydraulic methods of working. When it is about to be charged the autoclave is 
lowered by means of the three hydraulic methods, then the piston of the press is caused 
to ascend and consequently the plate in such a way that the latter is level with the 
upper part of the autoclave. It is charged with moulds, and the piston lowered 
gradually to a height equal to that of the moulds on the plate. Once charged the 
autoclave is raised by means of the screvqack of the press. All that has to be done 
now is to turn on steam on to the autoclave. During the operation the autoclave 
rests on the screwjack in constant communication with the accumulator, conse- 
quently the expansion of the autoclave occurs freely. When by inadvertence the 
communication between the screwjack and the accumulator are obstructed, Belle- 
ville washers, placed between the bottom of the autoclave and the top of the 
pistons, will give suiBicient jday for this expansion. The usual dimensions are — 
power, 70 tons; hydraulic iDressure, per square centimetre, 100 kilos. ; diameter of 
the plate, 1*2 metre; course of the piston, T*2 metre; useful space in height, 
1*5 metre; approximate weight, 9 tons. The autoclave is fitted with three 
adjustments, namely, steam injection, steam exit, and pressure gauge. 

Theoretical review of mdeanisation, — The effects of vulcanisation are due to 
ill-defined causes, as yet hardly understood. The chemical reactions which occur in 
the process have hardly been studied, far less satisfactorily exifiained. Authorities 
are all more or less undecided.. They describe vulcanisation as the result of an 
‘‘ absorption ” of sulphur, but omit to state exactly what they mean thereby. They 
acknowledge that the rubber absorl)s 2 per cent, of sulphur, but they do not agree 
as to the nature of that absorption. Some state that vulcanisation is the result of 
a real chemical reaction, commencing at 120° C. (248° P.) and terminating at 
160° C. (320° P.). Vulcanisation properly so called, i,e, the transformation of 
normal rubber into a rubber which is ^iant and elastic in all tem/p&rat%res^ would 
be the starting-point of this reaction, and the production of harden^ rubber^ ebonite^ 
the final result. 1. Fayen sums up the reactions which occur as follows: — “As 
soon as the sulphur commences to react, and during the whole process, i.e. between 
135° 0. (275° P.) and 145° C. (293° F.), combination of sulphur with a small 
quantity of the hydrogen of the organic body takes place, and there is thus a 
continual formation of sulphuretted hydrogen, of which the sulphur may absorb as 
much as its own volume ; hence a peculiar phenomenon results in working with the 
bath process : when the temperature lowers after vulcanisation, the sulphur in 
crystallising liberates a portion of sulphuretted hydrogen. This gas is disengaged 
between the crystals, and rises up the semi-fluid mass. The converse occurs, and 
contraction is manifested during the cooling, and the sulphur crystallises exempt 
from sulphuretted hydrogen.” Payen, having examined a sheet of rubber vulcanised 
by the bath process, found that the sulphur combined with (^the rubber was 
unequally distributed in gradually decreasing proportions from the interior of the 
pores to the dense portion of the organic substance. ■ “Thus,” says he, “there can 
be perceived, under the microscojie, concentidc circles indicating this decrease, and we 
can extract in rotation, by appropriate solvents, carbon disulphide, ether, etc., 
4 per cent, of caoutchouc, 1 to 1*5 per cent, of fatty matter, besides the* free 
sulphur.” Payen’s theory, supported by arguments developed above, is not con- 
clusive. Disengagement of sulphuretted hydrogen might proceed from a small 
quantity of rubber decomposed by sudden immersion in sulphur at the high 
temperature of its melting-point, otherwise the disengagement would not cease, 
even after the goods, vulcanised by steeping, liad been sufficiently washed with an 
alkaline solution, which i.s not the case. The latter remark of Payen is, moreover, 
in ^ contradiction with the first, and indicates at least that chemical combination, 
if it does exist, is only partial, since the combined suli^hur is unequally distributed 
in decreasing proportions from the interior of the pores to the dense portion of the 
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organic matter. 2. Heinzerling^ for different reasons, and in a mucb. less affirma- 
tive manner, believes also in real cliemical combination. “ We do not yet know, 
really, wbetlior sulphur, in combining chemically with rubber, forms a simple 
juxtaposition of an addition product or if it substitutes itself partially for hydrogen. 
I'hat the combination of mlphurwith rnbber fontie a veal chemical compound toould 
appicar to he tlm ^indouhted remit of the fact that rubber and mlplvu/r, both soluble 
in carbon dimlpthide before being exposed to heat, are insoluble therein afterwards^ 
The proof seems a decided one, and yet, metallic sulphides, like antimony sulphide, 
are throughout an excellent means of, vulcanisation, but are in no way soluble in 
carbon disulphide. This also is the case with the sulphides of mercury and lead. 
Yet two metals may have isdlately certain properties which disappear completely 
when they are united, not by a simple mixture but through the intervention of 
heat, through alloying, which very often gives them diametrically opposite pro- 
perties. 3. Unger agrees up to a certain point with Heinzerling, but for 
different reasons. . “ We do not know,” says he, “ the nature of the organic sulphur 
compound formed by vulcanisation j it might he possible that the white coating 
formed on the surface of the large lumps of rubber, which appears under the micro- 
scope as small brilliant crystals, consists of sulphur and hydrocarbide, and that it 
is this compound which, spread throughout the mass, communicates to it the 
properties of vulcanised rubber.” It has now been proved that this efflorescence is 
no other than crystallised suliffiur, and that the contraction of the cooled globulites 
push it to the surface of the indiarubber. 4. Vulcanisation explained by the 
action of presence, — Certain authors try to explain the effects of vulcanisation by 
the theory of juxtaposition, by the action of presence, “catalysis.” This theory 
is simple and easily formulated, but it proves absolutely nothing, and is in flagrant, 
contradiction with facts. The action of presence might in case of necessity justify 
the increased suppleness, the greater elasticity of the rubber • but how, then, can 
the absolute insolubility of the really vulcanised rubber in carbon disulphide be 
explained*? How can a greater resistance to chemical reagents be explained! 
How is the transformation of vulcanised rubber into ebonite, by an elevation of 
temperature, a prolongation of the process, and an increase of the sulphm*, to be 
interpreted ! How, finally, in vulcanisation by steeping, can there be disengage- 
ment of hydrochloric acid according to this theory ! 5, Vulcanisation . an 

indefinite combination as in alloys, — A certain number of chemists — e,g, Donath — 
consider vulcanisation, not as a phenomenon of a purely chemical order, resolving 
itself into combination in definite proportions, but the formation of molecular 
pombinations in indefinite proportions, as is supposed to occur with certain series 
of alloys.. They urge against combination in definite prox^ortions the objection 
that vulcanisation is x)roduced equally well with a metallic sulphide as with free 
sulphur. How, then, can the sulx^hides of antimony, mercury, or lead abandon 
the ■whole of their sulphur to some comxfiex rubber compound! Unvulcanised 
rubber hardens at moderately low temperatures, whilst it softens and loses its 
elasticity when it is heated between 50“ C. and 60“ C. (122“ F. and 140“ F.), and, 
moreover, its resistance towards reagents is feeble. But vulcanised rubber 
preserves its elasticity both in the heat and in the cold, resists chemical reagents 
better, and behaves altogether differently towards solvents and reagents. These pro- 
perties . recall those of alloys, whose behaviour is so often dissimilar to that of their 
components, even when one exists only in but relatively minimum proportions. 

Vidcanised rubber may therefore be regarded as a sort of alloy of the organic 
substance of the rubber with sulphur or with a sulphide, or even with sulphur 
chlcyride, bromide, or iodide. This condition is not combination properly so-called, 
from which the formation of a well-defined chemical iidividuality would result ; 
it differs, however, from simple solution or mechanical mixture, — Neither of these 
three explanations of vulcanisation is satisfactory, if taken individually, and their 
collection into a well co-ordinated single aggregate would at the most be capable of 
giving a barely plausible theory. Vulcanisation is not the same, whether free 
sulphur or sulfbur chloride, or even and more especially metallic sulphides, be the 
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vulcanising agents. 6 . Vulcanisation hy free sulphur, — Before formulating any 
theory relative to this process, it is right to recall some properties of normal rubber, 
which ought constantly to lix the attention of any one who wishes to study the 
phenomenon of vulcanisation. Hitherto the action of sulphur and its derivatives 
on normal rubber has more especially engaged attention, but neither the result of 
the action of heat at different degrees of intensity on normal rubber, nor the mode 
of action of different vulcanising agents at these different temperatures^ in presence of 
rubber, has been taken into sufficient account. It is necessary to recall — (1) That 
normal rubber is to a certain extent porous. . (2) That under the action of heat it 
expands. (3) That it may absorb, by capillarity liquid and gaseous bodies in 
contact with it, and that more energetically as it is itself more expanded by heat. 
(4) That what we call rubber is not a fixed and determined hydrocarbide, but a 
mixture of at least two polymeric hydrocarbides of high equivalents derived from 
a fundamental hydrocarbide OgHg, and of which one possesses nervousness in the 
highest degree, and the other adhesiveness. (5) That, under the influence of heat, 
normal rubber commences to become viscous about 145“ C. (293“ F.) and to lose 
its elasticity, and it is only after prolonged cooling that this elasticity, the 
exclusive property of the nervous hydrocarbide, partially regains a part of its 
power : normal rubber, as soon as it has been once heated to the temperature of 
145“ C. (293“ F.), will be partially and irrevocably innervated. This fact being 
talten as granted, the following is the way in which we interpret the complex 
phenomena which constitute vulcanisation by free sulphur (Goodyear’s method) : — 
The nervous hydrocarbide and the adhesive hydrocarbide are intimately mixed with 
the vulcanising body, sulphur — by the preliminary operation of kneading— at the 
moment when heat intervenes. Up to 118“ to 120“ C. (244*4“ to 248“ F.) 
no reaction takes place, but simple juxtaposition. From this point the sulphur 
modifies its condition, it melts at the same time that, the pores of the rubber are 
sufficiently dilated to allow of the gradual absorption of the liquid vulcaniser, 
sulphur. But, at the same time as the chemical action commences, the liquid 
sulphur combines with the adhesive hydrocarbide, and forms with it a new 
chemical body, or rather an alloy. This action naturally continues if the process 
be prolonged at the same temperature, so that it penetrates further and further 
into the mass. Total penetration being attained, let us stop the operation (a good 
cfidseur knows perfectly when to seize the propitious moment for this purpose). 
Vulcanisation will have taken place, or rather the sulphuration of the adhesive 
body will have been accomplished. But the nervous substance will not have been 
attacked. But if the temperature be raised gradually so as to bring it to 146“ 0. 
(293“ F.), the nervous hydrocarbide will lose its particular structure so as to be 
mixed up with the vulcanised part, and another reaction will intervene between 
the two bodies, namely, complete sulphuration resulting in hardened rubber or 
ebonite. The phenomenon which we now include wider the name of vulcanisation 
is therefore only the first stage of a series of transformations which the hydrocar- 
hides cmstituting indiaruhher wndergo under the influence of fixed temperatures^ 
and in presence^ of sulphur in excess^ and the real terminal reaction of these 
tr'ansformaticyns is Juirdened ruhh&r or ebonite^ which it is therefore necessary^ so as 
to enter into th^ views of Carl Otto Weber^ to regard as an amalgamiation of one or 
moire double atoms of polyprene perhaps) by the intermediary of one or more 
atoms of sulphur. Vulcanisation is simply the result of a quich turn of the wmst on 
the part of manufacturers and experimenters to arrest^ at the opportv/ne moment^ a 
chemical reaction which has hut commenced^ and tlw termination of which would^ in 
no way, yield the product which it is desired to obtain. 

It will suffice to quote this characteristic fact in proof of the above contention : 
rubber in which an excess of sulphur has, by some means or another, been incorpor- 
ated, and which remains supple after the cuiseur has judged his operation finished, 
may become hard and brittle some time afterwards. The reaction has not been arrested, 
sufficiently either by the elimination of the excess of sulphur,, or by a rapid enough 
dissipation of the intervening heat retained in the interior of the mass. 



VULCANISATION OF NORMAL RUBBER 


191 


But rubber regarded as imperfectly vulcanised, as it comes from tbe vulcanising 
apparatus, may become sufficiently so, after some time, provided there be sufficient 
sulphur, and ke23t in a sufficiently warm place. Besides, the reaction arrested too soon 
may be re-started and brought to the desired jjoint by heating. Payen’s laboratory 
experiments support this contention. “ Ether and carbon disulj^hide, kept for a 
long time in contact with vulcanised rubber, retain in solution 4 to 5 per cent, 
of rubber which may be isolated by repeated evaporations, and taking up 
each time by ether which eliminates free sulphur, then by anhydrous alcohol which 
removes 1 to 1-5 per cent, of fatty matter ('?). The rubber extracted in this way 
may be separated into two i)ortions — the one very ductile, dissolved by benzol, 
which deposits it on evaporation ; the other more tenacious, less extensible, 
undissolved. These tw^o portions come from the interior of the mass at a 
certain dejDth, where combination is less intimate and less abundant in sulphm* 
than near the surface. Rubber, after vulcanisation, still consists of two portions, 
endowed with unequal cohesion and solubility, by kee^Ding a vulcanised strip 
immersed for two months in a mixture of 10 of carbon disulphide and 1 of absolute 
alcohol. The dissolved ^^ortions consist of interstitial sulphur, which is removed 
after desiccation by a solution of caustic soda ; there then remains the less aggregated, 
feebly resistant, yellow, translucent, organic substance (adhesive hydrocarbide 
transformed by sulphuration). The undissolved portion remains under the form of 
a tenacious strip, more brown and not so transparent (our nervous hydrocarbide not 
yet sufficiently got at by proximity to the transformed adhesive part).” The 
results of the ex23eriment, with the exception of the fatty substance, w^ere as 
follows : — 

Table XXXVI. — Showing Result of Action of Caebon Disulphide on 
Vulcanised Rubber (Payen), 


Insoluble tenacious portion 

65*0 per cent. 

Soluble soft portion 

26-0 „ 

Sulphur in excess 

10-0 „ 

100-0 „ 


Payen’s fatty matter is nothing more or less than a little oxidised tacky rubber 
which always accom^ianies caoutchouc. The manufacture of medium hardened 
rubber, more supple than ebonite, less sui323le than vulcanised rubber proper, 
sup23orts above theory sufficiently to allow of rajiid absoriition by the pores. We 
consider their action as the result of a true alloy, giving rise to the same effects as 
actual vulcanisation, with this difference that true chemical action does not occur ; 
there is no transformation into ebonite at 145° 0. (293° P.). 

Vulcanisation hy sul'phm' chloride . — As far as vulcanisation by sul 23 hur 
chloride, bromide, and iodide, these substances are naturally liquid, and can thus 
more easily penetrate into the pores of the rubber, just softened in the carbon 
disulphide or other solvent in which the chloride is suspended. The liability to 
decomposition of the reagent in presence of organic matters with great 
affinity for haloid bodies generates free sulphur. The solvent partially replaces heat 
and facilitates the reaction, which besides limits itself to the first stage of the 
transformation. It does not become com23lete without the intervention of effective 
heat,^ and then may go as far as the terminal reaction, the production of ebonite, 
provided that the quantity of vulcanising agent be sufficient. 

Summary of C. 0. Webber^ s conclusions. — The results of an investigation by C. O. 
Webber on vulcanisation may be summed up as follows: 1. The reaction of 
sulphur chloride on polyprene is analogous to that of sulphur chloride on the non- 
saturated hydrocarbides of the ethylenic series; it has the effect of joining two 
molecules of polyprene by the medium of one or several double atoms of sulphur, 
^ See FawsitPs researches, Moniteur Sdentifiq’iie de Qtbesiieville, 1890, 2). 1851 and May 1893, 
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giving rise in the molcule of polyprene to a number of ethylehic bonds correspond- 
ing with the number of molecules of sulphm* chloride taking i)art in the reaction. 
2. There exist at least ten chloro-sulphides of polyprene, formed by the combina- 
tions of two molecules of polyprene by means of one and even as many as 
ten double atoms of sulphur. 3. Vulcanisation by sulphur chloride depends upon 
the formation of these chloro-sulphides of j)olyprene. The state of vulcanisation is 
due to the double atoms of sulphur (single or multiple) which unite two molecules 
of polyprene. The chlorine, which is :&ed at the same time in the substance, has 
no appreciable influence on this state of vulcanisation, although it has contributed 
in creating it, in the sense that it is the active chemical agent of the sulphur in 
the sulphur chloride. 4. The present method of vulcanisation by sulphur chloride 
is very irrational, because it cannot lead to homogeneous vulcanisation of the rubber. 
A sulphur chloride process, by which homogeneous vulcanisation would be produced, 
would be of incalculable practical value. 
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CHEMICAL AND PHYSICAL PROPERTIES OF 
VULCANISED RUBBER 

Here it is impracticable to work on a cliemically pure substance. Vulcanisation 
is an unfinished reaction, arrested in presence of excess of vulcanising agent. 
It is thus difficult to determine the density and elementary composition of the 
product, its colour, its smell, or its taste. In this examination, the course pursued 
in the examination of the latex and (as pure as possible) rubber, is impracticable. 
The examination must be limited chiefly to a demonstration of its properties, by 
contrasting it with natural rubber, from which it differs essentially in many of its 
properties, both physical and chemical. Many of these properties are unimportant, 
either scientifically or technically. 

Elementary composition, — It is quite impossible to give an elementary com- 
position, however imperfect, or to ascribe any formula to vulcanised rubber. 
Those who have ascribed to it a definite chemical composition, have neglected to 
formulate it, and rightly so. A reaction, interrupted from one moment to another, 
according to circumstances, cannot be formulated. 

Density, — Normal rubber has a density of 0*925 ; vulcanised, it rarely weighs 
less than water, and often goes as high as 1 *20 and even 1 *30. But it is evident 
that this maximum density is only produced by an excessive loading with inert 
matter, and that the elastic properties of the substance must thus, be gravely 
compromised. A good vulcanised rubber ought always to have a lower density 
than unity, and this fact may be made to serve as a starting-point to establish a 
method of testing the purity of vulcanised rubber, A remarkable observation of 
Thomas (Monde^ 1869), bearing upon this subject, has reference to the dilatability 
of rubber, which is great enough to render it necessary to take into account the 
temperature at which the density is determined. If a sample of rubber rather denser 
than cold water be taken, or a piece ballasted by means of a small piece of metal, 
if it be lighter than water, and the whole afterwards heated, the rubber, in 
spite of the expansion of the water, will very soon be seen to rise to the surface. 
According to Puschl and Schmilewitsch, nmlcanised rvhher is a suhsta/nce 
whose dendty hecomes a mmimvm at a certain temperatwre. The temperature 
incidental to this minimvm varies with the mechanical effort exerted on the rvhh&r^ 


Table XXXVH— Showino Density op Dipferent Sorts of 
Indiarubber (James Symen). 


Rubber. 

. Density. 

Para rubber crude as imported 

„ ,, regenerated 

>» regenerated and pressed .... 

,, ,, mixed with sulpbur .... 

,, ,, unvulcanised 

Java rubber crude as imported 

if ,, regenerated 

0*922 

0*882 

0*935 

0*990\diminution 
0*986/ 0*004, 

0*920 

I 0*872 


n 
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arid is grechter the greater the effort, Tahiwg a rubber unstretched by mechanical 
effort^ the tenvp&rature of minimum density is always higher than the ordinary 
temperature, and approaches it by an addition of caloric ; its coefficient of expansion 
is positive, hut diminishes in propoHion with the increase of caloric, Taldng, 
on the other hand, a rubber strongly stretched by a pulling force, the temperature 
of minimum density is loioer than the ordinary temperature. Its coefficient 
of expansion is therefore negative, and will diminish numerically toith the 
temperature. 

It may be interesting at this i^oint to draw attention to the experiments of 
Symen, to determine the density of rubber vulcanised by sulphur, compared with 
that of rubber to which other substances had been added. 


Table XXXVIII— Showiku Effect of Various Mixtures on 
Density of Rubber (Symen). 


No, 1. Pure, — Mixed with sulphur, but unvulcanised . 

I'024\decrea8e 

,, ,, Yulcaiiised 

l-013Jof O’Oll, 

No. 2, Grey. — Mixed with sulphur, but unvulcanised . 

I'l 60 \ increase 

,, „ Vulcanised , , 

l*180/of 0-020, 

No. 2. Brown. — Mixed unvuleanised .... 

l’145\mcrease 

,, Vulcanised. ..... 

l*163/of 0-018, 

No. 3. Grey. — Mixed unvuleanised .... 

1 *489\increase 

,, ,, Vulcanised 

1-520/of 0-031. 

No. 3. Brown. — Mixed unvuleanised .... 

1 -4:511 increase ' 

,, ,, Vulcanised, , . • . 

l-460/of 0*009. 


The density of vulcanised Para rubber diminishes, its volume increases : other 
species, especially those which are strongly mineralised, have a greater density, 
whilst their volume diminishes. It is necessary to remember thia when vulcanising 
in moulds. ' 

Colour, — The colour of rubber may be appreciably modified during the 
vulcanisation. But that matters little, and need occasion no great concern. If 
one tint of vulcanised rubber be preferred to another, the methods of supplying it 
are well known. 

Smell — Deodorisation , — The same remark does not apply to smell. Vulcanised 
rubber has a peculiar odour of its own, scarcely appreciable with an isolated small 
article, but which reveals itself very quickly if the temperature be raised from 
35° to 40° 0. (95° to 104° E.). Even at the ordinary temperature this smell is 
immediately felt on entering a room where there are articles of this nature. It is 
due to a slight disengagement of sulphuretted hydrogen, the presence of which is 
explained in the chapter, but also to the vulcanised rubber itself. The disengagement 
of sulphuretted hydrogen is greatly prevented by treating the vulcanised articles by 
allcaline solutions. So far as disinfection of the vulcanised substance itself is 
concerned, many methods have been proposed, but none succeed, because of the 
property which rubber possesses of absorbing arid retaining gaseous, odoriferous 
bodies. Bourne’s process for complete deodorisation of vulcanised rubber is 
based upon the great affinity which charcoal, more especially animal charcoal, 
possesses for all gaseous bodies. He covers the articles with finely pulverised 
charcoal, and allows them to remain so from three to six hours at a temperature 
of 40 to 50 0; (104° to 122° F.) ; after which. they are taken out, having suffered 
no further change than that of having lost their smell and of being incapable of 
imparting any taste whatever to the liquids with which they are brought in 
contact. With certain precautions, even the most delicate fabrics may be so 
treated without altering their substance and their appearance, But the odoriferous 
principles are only partially absorbed, the charcoal only acting by contact, i,e, 
superficially, and after some time the odour reappears. Attempts have been 
made to mask the smell, and some scent employed as a palliative. Essential oils 
are, however, volatile, and the momentarily badly masked smell soon returns. It 
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would be a difficult matter to- please the taste in scents of each individual 
customer, 

Conductihility of heat and electricity, — It will i;eadily be seen why vulcanised 
rubber is a still worse conductor of heat and electricity than normal rubber, and 
that this property only increases in proportion as the transformation becomes 
more complete. Sulj)hur, like indiarubber, is a bad conductor of heat and 
electricity; the two combined by juxtaposition, by alloy, or by chemical com- 
bination, therefore totalise the sum of these properties so as to render vulcanised 
rubber one of the bodies which most energetically resists the passage of these 
fluids. 

Permeability — Power of dialysis, — The porosity of vulcanised rubber isjessthan 
that of natural rubber. The experiments of Payen, who discovered this peculiarity, 
have already been quoted. Samples of normal rubber, vulcanised rubber, and 
finally totally sulphuretted rubber, were suspended for two months immersed in 
water : the first had absorbed 0*2 to 0*26 of water, the second 0*042, and the 
third 0*064, i,e, natimal rubber absorbed five times more water than vulcanised, 
and the latter a third less than that from which the free sulphur which obstructed 
the pores had been eliminated. Repeating these experiments on balloons of 2 milli- 
metres of an inch) in thickness, filled with water under a pressure strong enough 
to double their diameter, and keeping them at a temperature of -h 16“ 0. (60*8“ F.), 
Payen found a loss by sweating. This' loss, per twenty-four hours per square 
metre of surface, was' 23 grammes in the case of the normal rubber, against 
4 grammes for the vulcanised. But, on repeating the same experiment with air 
instead of water, Payen only found but a barely appreciable loss after eight days’ 
observations. 

These results would lead to the conclusion that vulcanised rubber is less 
permeable to liquids without solvent action upon itself than normal rubber, but 
that the permeability to gas is the same in both cases, Such a conclusion is 
negatived by the curious observations of Julkowski on the dialytic power of 
vulcanised rubber for gases, and principally illuminating gases. 

JulhowsMs experiTnents on dialytic action of rubber on coal yas.— The experi- 
ments of this chemist show that vulcanised rubber removes from gas a portion of 
its illuminating power by the absorption of the heavy hydrocarbides. Relying on 
the data of Knapp, who in his Chemical Technology states that rubber rings 
used to connect gas pipes had notably increased in weight and appeared swollen, 
he showed that an illuminating gap of 11*2 to 13*2 candles was reduced to 7*5 
and 10*7 candles by simple passage through a rubber tube 14 feet long. He 
also states that vulcanised indiarubber in contact with coal gas for fifty-one hours, 
absorbed 3*64 of its weight of hydrocarbide, which it gave up very rapidly under 
the air-pump, and more slowly in free air. Pure ethylene and benzol vapours 
are both given off from the hydrocarbides absorbed by rubber. J ulkowski concludes 
that the use of rubber tubing always gives rise to a diminution, of little importance 
it is true, of the illuminating power of coal gas — a loss, however, which ought to 
be taken into account in photometrical tests. 

HempeVs experiments on the absorption of CO 2 dnd NO by rubber, — Walter 
Hempel, with the view of determining the influence of indiarubber joints in gas 
analysis, submitted carbonic oxide and protoxide of nitrogen to the same tests. 
The rubber behaved exactly like a liquid solvent. He placed fragments of 
vulcanised rubber in a graduated flask, containing the above gases, until the gradua- 
tions indicated absorption ; he then replaced the unabsorbed gas by air. He thus 
demonstrated that very small fragments of indiarubber tubing of 3 centimetres (say 
1-i inch) in length, and from 4 to 5 millimetres (say ^ to of an inch) in exterior 
diameter, had absorbed about 2 cubic millimetres of carbonic acid and 3 cubic 
millimetres of protoxide of nitrogen, and that these fragments afterwards placed in a 
measured volume of air completely gave up to it this same volume of gas. Con- 
elusions. — If in very precise analysis indiarubber joints are debarred, moreover, the 
absorptive power of indiarubber is not so great that it need be considered in tests 
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where rigorous precision is not absolutely necessary ; besides, the gases*generally pass 
through glass tubes, and indiarubber is only used to connect these with one another. 

Elasticity ^ compressibility^ dilatahility^ ext&tisihility . — These properties are 
highly important to industry in general, especially in motor-car, etc., tyre- manu- . 
facture, and in the construction of railway rolling-stock transmission belts, etc. 
Vulcanisation has more esx3ecially modified and developed these properties to the 
great advantage of the raw material. 

Steivart^s exp&if'iments on the elasticity^ etc., of vulcanised rubber. — A. Stewart, 
in charge of the Railway Management Course at the School of Mines of Liege, 
made experiments on vulcanised rubber, especially in regard to elasticity, and 
the manner in which it behaves when it is pulled and compressed. 

All the experiments were made on one and the same 
species of specially vulcanised Para rubber. Its density was 
; comprised between 1*060 and 1*065, and Stewart considered 
I it as one of the best types of commercial rubber. Stewart 

I preserved the majority of the pieces which were used in the 

I . experiments, and some of these would appear to have lost none 
I of their elastic I properties after eighteen years. But others 
1 ^ had undergone those great alterations which often render vul- 
canised rubber absolutely unfit to be used for a long time for 
the purposes to which it is usually put. They have become 
hard, brittle, and almost like sealing-wax. Parallel with 
Stewart’s experiments, Professor Emilio Villari, Bologna, 
undertook similar experiments. The results, although ab- 
solutely independent, agree and dovetail into each other 
upon several points. 

^ Steioa/r^s experiments on elongation. — These experiments 
na. 86.— Indiarubber samples, having the form of bands or 

band used in Stewart’s . rectangular section, very uniform, and of a rather 

experiments. large dianieter compared with the transversal dimensions. 

The subjoined Table shows the different elements forming 
the data of the question, which were very carefully determined before testing. 



Table XXXIX. Dimensions and Weight of the Rubbee Bands submitted 
TO THE Experiments (Stewart).^ 

B. I 0. D. E. F. G. 


D, Diameter, extenor . 118 ‘2 107*2 

fi, /Width . . . 9-2 6*2 

d, Diameter, average . 109*0 102*0 

c, Circumference, average 342*0 320*9 

Weight in grammes . 36*95 18*75 

Density .... i-060 1*060 

V, Volume . . . 34.358 17*689 

S, Section==-L . . IO 1.92 55*28 

A, Height=-1 . . 11-1 14-6 

A', Height observed . 10*9 10*4 


108*8 108*8 106*1 106*1 108*7 

5*8 6*0 4*8 6*0 5*5 

103*0 102*8 101*3 101*1 103*2 

324*0 323*0 318*0 318*0 324*0 

11*4 11*17 9*48 8*69 18*81 

1*065 1*065 1*061 1*061 1*060 

10*704 10*488 8*935 8*111 17*745 

33*04 32*57 26*53 25*61 50*77 

5-7 6*4 6*6 6*1 10*0 

6*5 5*4 5*3 6*0 10*2 


The exterior dianieter D is calculated according to the value of the exterior cir- 
cumference measured directly ; it is the only process which gave uniform results in 
several consecutm meaauremente. The difference between the exterior and 

the interior radius, was measured directly by the thickness compass (callteem) 

“■> "‘“I"'*- » *.>•» » —7 
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giving the tenth of a millimetra The average diameter d' is deduced from the 
two preceding values = D - <3. Tlie average circumference c is calculated by 
means of d\ The density was taken each time of the whole sample weighed con- 
secutively in air and in water. The volume is calculated from the loss of weight 
in water. The meridional section 8 is obtained much more accurately than by 
direct measurement, by dividing the volume by the average circumference. 
Finally, for purposes of verification, there is placed side by side the height A, 
calculated by dividing the section by the thickness and the observed height 
During the whole time taken up by the experiments, the temperature varied 
between 14*" to 16“ 0. (57*2“ to 60*8“ F.). Table XL. gives the results of experi- 
ments made on the six rubber bands A, B, 0, D, E, F. An important point will 
be observed at the first glance which is made, at these figures, namely, that the 

Table XL. — ^Elongation op Bands op Dipperent Sections under 
Varying Weights. 
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5 
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14 


1-0 

127 

7 

134 

9 

145 

16 

146 

16 

152 

19 

158 

24 


1'6 

130 

3 

143 

9 

166 

20 

164 

18 

181 

29 

193 

35 


• 2*0 

134 

4 

153 

10 

190 

25 

190 

26 

216 

35 

236 

43 

1 g 

2-6 

139 

5 

167 

14 

221 

31 

219 

29 

258 

42' 

280 

44' 


3*0 

145 

6 

182 

]6 

252 

31' 

251 

32' 

294 

36 

318 

38 

Tl 

3*6 

160 

5 

200 

18 

283 

31 

281 

so 

328 

34 

351 

33 


4‘0 

157 

7 

220 

20 

312 

29 

310 

29 

359 

31 

384 

33 

g 09 

4 '5 

164 

7 

241 

21® 

337 

25 

834 

24 

388 

29 

416 

32 


6-0 

171 

7 

262 

21 

361 

24 

858 

24 

414 

26 

440 

24 

5*5 

179 

8 

281 

19 

385 

24 

880 

22 

436 

22 

463= 

23 


6*0 

188 

9 

300 

19 

405 

20 

402 

22 

458 

22 

492 

19 


6*5 

197 

9 

317 

17 

m 

20 

422 

20 

478 

20 
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18 
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7*0 
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10 

333 

16 
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17 

439 

17 

495 

17 

528 

18 

il 
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7*5 

217 

10 

348 

16 

459 

17 
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15 
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19 
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18 

8-0 
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10 

361 

13 
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35 
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15 

528» 

14 
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14 
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15 
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14 
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14, 

... 


P ^ 

P 09 

9*0 
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218 
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13 
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13 

497 

14 
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. . . 

... 
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13 
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13 
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13 
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269 
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increases in length by successive additions of equal weights go on increasing up 
to a certain point, then gradually diminish to the end of the experiment. The 
extensibility of vulcanised rubber increases, therefore, with the load until it reaches 
a maximum, after which it diminishes . in proportion as the load increases. The 
maximum elongation, per kilogramme, on the six bands tested was 240, Le, double 
the initial length, measured between the bench-marks, from which Stewart formu- 
lates the following laws : Under a uniformly increasing load the elongations of a 
mlca/nised rvhher hand go on i/ncreasing up to th^ point where it has attained the 
double of its primitive lengthy after which the successive elongations have a decreas- 
ing value. The weight necessary to quadruple the length of the hand is the triple 
of that under which it is doubled^ whatever may he the section of the hand. These 
elongations^ which we can produce on rubber up to five or six times its primitive 
length voithout bringing tenacity into play^ are not produced with metals^ hut to the 



f w 1/? W \/s w-- w jj 

Fig. 87. Gfraphical representation of elongation expenments on a rubber band. 


extmi of a few hundredth parts of their initial length. In this way an iron wire 
01 1 square milhmetre of section would not double its length, except under 20 000 
Kilogrammes, and the extension is invisible except under a load of 30 or 40 
falogr^mes, whilst a thread of vulcanised indiarubber of the same section doubles 
in length under a few grammes, and is not broken under a quadruple load. It 

the length submitted to the extension has any 
fluency and if so, to what extent the elongations vary, when the weio^hts which 
produce them act during a greater or less length of time.'^ 

G (see Table, XXXIX.) was used to make five experiments lipoii this 
pomt These yielded the results given in Table XLI, and traced graphically in the 
Fig. 87). ]S,pe.i„„te 1 .„d 2 toCSht 

measurmg the distance between the two couples of arbitrary bench-marks on the 
band, giving the respective mitial lengths of 75 and 140 : " 

^=75 and Zo =140, 
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Table XLL — ^Elongation of the same Band dttbing SDOOEBaivii 
Experiments (Stewart), 


Load in 
Kilo- 
grammes. 
Band G. 

Experiment 
No. 1. 

Experiment 
No. 2. 

Experiment 
No. 3. 

Experiment 
No, 4. 

Experiment 
No. 5. 

Remarks. 

0 

75-0 

140 

200*0 

200*0 

200*0 


0*25 

• « 1 

. . • 



... 


0-50 

77*8 

99 9 

211*0 

211-0 



0-76 

80*0 

... 

217*0 

216*0 

... 


1*00 

82*3 

... 

223*0 

223*0 



1*26 

84*5 

.. . 

231*0 

231*0 



1*50 

87*6 

f • • 

239*6 

239*0 

... 


1*76 

90*5 

... 

248-0 

247*5 

... 


2*00 

93*8 

... 

257*0 

256*6 



2*25 

97-0 

... 

268*0 

267*0 



2*60 

101*6 

... 

280*0 

279-0 

• • • 


2*75 

106*0 

... 

292*0 

291*0 



3*00 

110*6 

• • • 

305-0 

304*0 



3*25 

116*0 

... 

319*6 

318*0 



3*50 

120*6 

222*5 

385*0 

335*0 



8-75 

126-0 

232*0 

352*0 

352*0 



4*00 

131-5 

243*0 

370*0 

369*0 



4*25 

138*0 

264*0 

388*0 

388*0 


§ 82 

4*50 

144-0 

266*0 

406*0 

407-0 

• • • 


4*75 

160-01 

276-6* 

424*0 

426*0 

• • 1 


5*00 

156-0 

288*0 

443*0 

445*0 



5*25 

... 

. . . 

463*0 

463*0 . 

... 

11 

5*60 

169*0 

310*0 

483*0 

481*0 

... 


6 -76 

... 


602*0 

499-0 

... 

CM Tji 

6*00 

182*0 

332*0 

620-0 

518*0 


to © 

i i 

ii 

6*25 

. • ■ • 

... 

638*0 

535*0 


6*50 

193*0 

363-0 

654*0 

552*0 


6*75 

' 9 • 1 


670*0 

669*0 

.. . 

8) S) 

7*00 

203*0 

373-0 

686*0 

584*0 



7*25 

... 

■ 1 « 

... 

598*0 


7*50 

213*0 

393*0 

... 

612*0 



7*75 

... 

... 

... 

626*0 


d d 

8*00 

224*0 

414*0 


639*0 

... 

o o 
*43 *43 

8*25 

. . I 

. . . 

... 

652*0 


w ob 

8*50 

... 

tt* 


666*0 

... 

§ g 

8*75 


... 

... 

677*0 

... 


9*00 

241-0 

444*0 

... 

689*0 

... 

B ^ 

9*25 

• • . 


... 

■ 698*0 


11 

9*50 

... 

999 

... 

709*0 

,«i 

9*75 

... 


• . . 

720*0 

... 

10*00 

268*0 

476*0 

. . . 

729*0 

743*0 


10*25 


... 


737*0 

761*0 

H N 

10*50 


... 


744*0 

770*0 


10*75 

• • • 

• • • 


752*0 

779*0 


11*00 

272*0 

600-0 


760*0 

788*0 


11*25 

f • * 



770*0 

796*0 


11*50 




781*0 

806-0 


11*75 


• I • 


789*0 

814*0 


12*00 

286*0 

625*0 


795*0 

820*0 


12*25 


... 

... 

801*0 

826*0 


12*50 



... 

808*0 

832*0 


12*75 

• • * 



814*0 

839*0 


13*00 

300*0 

550*0 


819*0 

843*0 


13*25 

. . ♦ 



829*0 

849*0 


13*60 




835*0 

854*0 


13*75 

. . . 


. . . 

840*0 

859*0 


14*00 

. . . 

. . . 

. . . 

847*0 

865*0 


14*25 

... 

... 


865*0 

870*0 
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The successive lengths under the same weight remain in constant ratio 
with those two numbers. In bringing the proportion of their initial lengths 
to 200, it is found in the same figure that the two curves almost coincide. The 
difference which exists between the two may be attributed to the fact that the 
readings of the distances were always made on No. 2 before No. 1. Owing to an 
accident, having broken the band, Stewart performed the experiments 3, 4, 5 with 
an unrolled band, the extremities of which were held between the jaws of two 
small vices lined with rubber, and it was thus possible to work upon a much 
greater initial length. The graphical curves were identical with those resulting 
from the experiment of Table XL., only their co-ordinates rise further in curve 3 
than in curve .2, and in curve 5 than in curve 4. Stewart exi3lains this 
phenomenon as. JoUows : It has been noticed, for a long time, that if a rubber 
band be suddenly extended, a notable rise of temperature occurs which may be 
attributed to the diminution- of its total volume. The experiments to elucidate 
this point are far from complete ; certain authors a,saert an increase, others a non- 
alteration in volume. Thomson (Lord Kelvin) and Tait, in their book, Mlenienta of 
NaiAi/ral Philosophy^ say distinctly: ‘‘An indiarubber band when j)ulled out 
experiences no sensible change of volume, though a very sensible change of length.” 
Villari, of Bologna, on the contrary, obtained decreeing densities, in proportion as 
the extension of the rubber increased. The lateral .defoi'mation would therefore be 
in a contrary sense to that of aU other bodies • submitted to extension. This 
volume resumes its original dimensions at the end of a certain time. If the 
tension continue to be exerted, the length increases in consequence in such a 
manner that the elongation obtained suddenly is always less than that observed 
after a slow and gradual action. Stewart also made certain rupture experiments, 
which have added a final characteristic to the peculiarities of indiarubber, and 
which demonstrated to him that this substance seems to have no limit to elasticity, 
^cept mipture. At any rate, the two parts of the broken band, if they do not 
immediately revert to the primitive length, continue to shorten- during a very long 
time more than twenty-four hours, and do not show after that any trace of altera- 
tion or of permanent elongation. The breaking load varied, according to the 
greater or less rapidity with which each experiment was pushed, from 500 to 800 
grammes per. square millimetre of original section; a band of 9*01 square milli- 
metres of section was not broken under a load of 7*5 kilogrammes. The results of 
these experiments have, moreover, been adopted in actual practice, and the 
specifications of. the Belgian State Railways embody them, so far as the supplying 
of the membranes required in its service are concerned (1888),. The author sums 
up this first part of his work as follows: — 1, An indiarubber hand, mhmitted to 
a longitvdmal ^ll, immediately assumes a certain length, which notably increases 
if the load c(mtinnes to act, hut which wlwn measured immediately is proportioTial 
to the primitive length 2. That the relation between the length and the load 
which produces it is very complicated, amd may be graphically represented by a 
curve, the degree of which is probably higher than the third, and which shows a 
point of curvature of which the co-ordinates are: a; = ES, ^ = 2 lo] lo repre- 
senting the initial length of the band, S the section, E the modules of rigidity or 
the weight necessary to double the initial length. 3. That mvertheless the weight 
requwed to iiwrease the oTiginxxk length in a given ratio is always proportional 
to the section. 4. Thnt under a weight triple that which doubles the length the 
latter is quadrupled. 5. That the weight umder which the length is doubled being 
^grammes per sq^e millimetre of section, the value of the modulus of rigidity 
E 0*084. 6. That if the definition of the modulus be rectified it 

will vary in the case of vidcanised rubber : in the beginning it has a value o/ 0*168 
as a vmximum corresponding to the minimum of extensibility; it aftei-tvards 
dimimslies to the third of this value at the moment when the length is doubled., then 
c^am increases to the point of rupture. . It passes tudce through the average value 
0 084. 1. That the extensibility per unit of load added is variable: that it in- 

creases until the length is doubled, and thenceforward decreases. 8. That, finally. 
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this maximum extermhility is exactly represented hy the formula e = which 

gives.the elongation for 1 kilogramme of load added at the moment the length is 
doubled, 

Stewarth experiments on depression , — When a solid body is enclosed between 
two parallel planes wliicli a force tends to bring together, the body is said to be 
compressed. Ordinary bodies submitted to a rather considerable force of this kind 
suffer a slight diminution on the depth included between the two planes during 
compression, accompanied by a modification of the transversal dimensions, of which, 
generally, no account is taken so long as the limit of elasticity is not reached. 
This transversal deformation is estimated as being equal to the fourth of that which 
is observed in the direction of compression. It is altogether different with 
vulcanised rubber; that is why Stewart calls the action by which the rubber 
becomes deformed between the two approaching planes depression, whilst its 
dimensions, perpendicular to the force, increase to a considerable extent. Remark : 
the sections normal to the compressing force enlarge whilst remaining similar to 
themselves. Thus a round plate strongly compressed extends equally in every 



Fig. 88. — Effect of pressure on iiidiarubber bands. 


direction, a square plate remains square, a rectangular plate is deformed according 
to a similar rectangle. The shape most often employed in industry is that of a 
ring of uniform rectangular section, Pig. 86 ; and this revolving solid is intended 
to resist forces directed along its axis. Such a body undergoes the following 
deformations : The parallel sections remain circles : Fig, 88 shows what happens 
to the meridional sections — the dotted lines show their original shape. They 
may be regarded as rectangles, terminated interiorly and exteriorly by semicircles, 
so that the smffaces not in contact with the parallel planes, and which were 
primitively two cylinders, become two semi-toruses (2). If the height h of the ring 
is much greater than its thickness e, the deformation takes place differently ; the 
exterior toric surface remains convex, but the interior becomes concave, as shown in 
(3). This phenomenon commences when the height reaches times the thickness. 

If two superimposed bands be compressed, they at first behave as if the two 
were only one. Afterwards they separate, gaping at the point of exterior contact, 
as shown in (4). But whatever may he the deformation undergone, vulcanised rubber 
invojriahly preserves its primitive volume. The results of trials which experi- 
mentally established this fact are given in Table XLII. Pieces Nos. 1 to. 7 were 
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bands having the form of Fig. 86 ; R'o. 8 was a full circular sheet, and ISTo. 9 a 
square sheet, the whole of indiarubber identical with the preceding. 


Table XLII. — Invaeiability op Volume op Depressed Caoutchouc 

(Stewart).^ 



D, 

Exterior 

Diameter. 

d, 

Interior 

Diameter. 

h. 

Weight. 

V, 

V olnme. 

Ratio of 
Extention to 
Volume. 

1. Oiroular band . , ■ 

2. Circular band . . - 

3. Circular band . , ■ 

4. Circular band . . > 

5. Circular band . , - 

6. Circular band . . - 

7. Circular band . . -j 

8. Circular sheet . . -j 

9. Square sheet . . -j 

r free 
Joaded 
^ free 
^loaded 
free 

^loaded 

free 

^loaded 
' free 

L loaded 
free 
loaded 
r free 
loaded 
r free 
[^loaded 
^ free 
^loaded 

130 

193 

97 

140 

76 

120 

120 

161 

126 

166 

119 

166 

84 

129 

110 

172 

110 

170 

j 

60 

36 

45 

18 

30 

16 

68 

35 

75 

42 

85 

55 

40 

28 

0 

0 

side 

side 

55 

22 

26 

10 

30 

10 

25 

10 

26 

10 

17 

5*5 

29 

10 

22 

9 

24 

10 

622,050 
621,214 
150,080 
161,390 
111,330 
111,090 
191,950 
193,960 
196,326 
197,970 
92,599 
92,064 
124,266 
124,530 
! 209,066 ’ 
209,115 
290,400 ' 
289,000 

j -- 0-0013 

1 + 0-0088 

1 -0-0028 

1 + 0-0100 

1 + 0-0086 
0-0069 

1 + 0-0021 

1 + 0-0008 
0-0048 


The Volume of each circular band was calculated by multiplying the meridional 
section by the average circumference. The differences between the volumes of free 
rubber and depressed rubber are very small, having regard to this primitive volume, 
and in no case exceed the error of a tenth part of a millimetre in direct measure- 
ment, The following law, experimentally true within the limits of actual practice, 
may therefore be formulated : Throughout all the different shapes which a mass of 
vulcanised rubber may he vmde to assume^ its volume remains constant. The flat 
surface varies inversely with tho height^ or, when a circular band is concerned, 
its average diameter extends in the same propoi^tion as the ‘meridional section 
diminishes. Stewart thus thinks that if a cylindrical cavity was integrally filled 
with a mass of rubber of the same shape, the action of the piston in this cylinder 
would be as little perceptible as if it had been filled with water, which is eciuivalent 
to saying indiarubber is incompressible to the same extent as fluids. These 
experiments, made in 1871, were confirmed by W. Thomson (Lord Kelvin) and 
P. G. Tait in 1873. “Clear elastic jellies and indiarubber are probably all of 
very nearly the same compressibility as water.” But Stewart differs slightly from 
Clapeyron : “ The cubic compressibility of indiarubber measured in the workshops 
of the Ghemin defer du JTord was found equal to 0*00009295 of the primitive 
volume per kilogramme of pressure per sq. cm,, which is about double the cubic 
compressibility of water” {Comptes dendtcs/ 1858, p. 112). Thus, during the 
deformation of a circular band of indiarubber, the substance flows, so to speak, a 
httle towards the interior, much towards the exterior, producing considerable 
siu'face tension. It is the exterior surface which supports the maximum effort, 
and that at its equatorial circle. It is there, consequently, that rupture occurs 
when the pressure suffices. Stewart has seen pieces as neatly ruptured at the 
e^erior equator as if they had been cut by a razor, resume their original shape 
when the pressure was removed, which confirms the idea that even rupUire does 
not lead to true permanent deformation. A vulcanised indiarubber band under- 
going elongation disengages a certain amount of caloric, and there is cooling 
absorption of heat when the matter resumes its original shape. They have, more- 

• ^ See note, p. 196. 
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over, observed that a band of vulcanised indiarubber, stretched by a weight which 
doubles its! length, foreshortened one^enth if the temperature was raised to +50“ 
0. (122“ P.) (Joule and Thomson). 

Adhesiveness , — This property, characteristic of natural rubber, is completely 
destroyed by vulcanisation. This modification of the properties of rubber under 
the influence of vulcanising agents and heat has already been sufiftciently insisted 
on. It will sufiice to state that vulcanisation causes indiarubber to lose its 
property of uniting with itself. Two sections of the same block, even very 
recently cut and brought together and pressed with considerable force, are no 
longer capable of uniting. 

Action of heat , — ^Vulcanised rubber, unlike normal rubber, still preserves its 
pliancy and elasticity much below 0“ 0., and if it be subjected to tensile strain, 
however great, at a low temperature, so long as it does not reach the point of 
rupture, it reassumes its original shape when it is left to itself. It behaves 
similarly when heated, and it loses neither its elasticity nor its pliancy ; at the heat 
of boiling water it is even more elastic, whilst at the same time it does not, like 
natural rubber, undergo viscous decomposition. ^ Brought to a temperature of 
180“ to 200“ C. (356“ to 392“ P.), if the excess of sulphur be dissipated, it softens 
and melts, and when once melted it remains “ tacky,” and completely loses its 
elasticity. If the heat be maintained, the melted rubber becomes hard and brittle, 
until finally nothing remains but a charred mass. 

Action of light , — The destructive action of light on normal rubber has already 
been described. Light acts similarly on vulcanised rubber, nlore especially if the 
rubber has not been freed from its excess of sulphur. Thomson found that even 
vulcanised rubber suffered to a greater extent than natural rubber, more especially 
as when light acts an elevation of temperature simultaneously intervenes. He 
considers. desuli)huration with alkaline lyes, not as a remedy, but as an aggravation 
of the evil ; absorption of sulphur increases the volume of the rubber, and if, after 
vulcanisation, it be attempted to remove the excess of sulphur, a diminution in 
volume to 2J per cent, results. A rubber so treated decays very rapidly, and 
Thomson explains it by the fact that the pores, originally filled with sulphur, then 
become filled with air. Hence arises oxidation, and (1) formation of hard brittle 
resins, and (2) of a soft greasy substance slightly volatile at the ordinary tempera- 
ture. The action of light gave rise in 1866 to' an extremely curious observation 
by Seely, who found that rubber mixed with free sulphur vulcanised equally as 
well under the action of light as that of heat. Industry has utilised the fact j and 
a thin leaf of rubber applied on a lithographic stone, and exposed to sunlight, can 
impart to that stone the property of retaining printing ink on the isolated spots. 
This is the point of departure of Caoutchoutocopy. There is no disengagement 
of light without a simultaneous disengagement of heat, ‘ and this singular 
phenomenon is thereby explained. Threads strongly stretched in vessels filled 
with different gases, and exposed to sunlight, behave quite according to the nature 
of the gas. In dry or moist oxygen, the threads break very rapidly, whilst in 
carbonic acid, hydrogen, and a vacuum they are completely unaltered (Thomson). 

Action of solvents , — If vulcanised rubber be immersed for rather a long time 
in ordinary solvents — essential oils, benzol, carbon disulphide — it does not dissolve, 
but swells considerably, and, when the solvent has been completely eliminated, 
the properties of the rubber so treated are again modified. ‘‘ Carbon disulphide, 
benzol, spirits of turpentine, and anhydrous ether swell vulcanised indiarubber to 
nine times its original volume ; these vehicles may also dissolve and remove the 
excess of uncombined sulphur. Solution in anhydrous ether is very peculiar : at 
first a small portion is taken up and deposited on the sides, then, gradually, fresh 
quantities are dissolved, which go to enlarge the crystals adhering to the sides 
of the vessel, and even on the external sides of the sheets of rubber they may 
become bulky enough to show their octohedral form to the naked eye ” (Payen). 

^ But the continuous passage of steam at ordinary or slight pressure through laboratory 
rubber tubing soon swells and bursts it. — T r. 
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Benziue and carbon disulpMde do not possess tbis property. If vulcanised rubber 
be left long enough in contact witli spirits of turpentine at a high temperature, it 
is completely dissolved (Heinzerling). Ether and carbon disulphide dissolve 4 to 5 
per cent, of vulcanised rubber, whilst they likewise dissolve the excess of sulphur. 
From the evaj)oration residue of this solution, per cent, of soluble matter, 
oxidised caoutchouc may be extracted by absolute alcohol. Payen, by submitting 
vulcanised rubber to the solvent action of 10 per cent, of carbon disulphide and 
4 per cent, of absolute alcohol, obtained the following results undissolved 
rubber, 75 per cent. ; dissolved rubber, 25 per cent. 

Action of oils , — The first observations upon the action of oils on vulcanised 
rubber are also due to Thomson. By treating threads successively with 1 to 100 
per cent, of oil and setting them aside for six or seven years, he found that the 
threads, treated with a small quantity of oil, preserved aU their properties and 
their elasticity, whilst a larger quantity facilitated oxidation. Rubber first forms, 
with the oil, a plastic mass, which finally oxidises very rapidly in the air. 
Cocoanut oil and palm oil acted most energetically, and castor oil had the least 
action. In the case of special decay in a fabric waterproofed by indiarubber, it 
was the excess of oil which was the determining cause of the mishapj and Thomson 
advises that, before waterproofing certain fabrics, a sample should be submitted 
for one or two days to a temperature of 100° C, (212° P.). More than 1 per cent, 
of oil in a fabric exerts a deleterious action on the rubber. 

Action of atmospheric agents . — ^If vulcanised rubber were a well-defined sub- 
stance, it would be interesting to study the alterations which it successively 
undergoes in air, light, heat, and humidity,, either collectively or individually ; this 
examination might perhaps furnish means of correcting the inherent defects of the 
transformed rubber. Yulcanised rubber is only the result of an incomplete and 
intermediate transformation between normal rubber and ebonite, the inherent 
defects in the substance can only be pointed out, attributed either to one cause or 
to another, and a few palliatives proposed ; but to make a truly useful study, either 
for the elucidation of the scientific question, or for the purpose of perfecting 
industrial processes, such efforts would be useless and in vain. The turn of the 
wrist of the sldlful workman, of the manager who is a good observer of daily facts, 
would be much more efficacious. Objects made of vulcanised rubber are liable to 
deteriorate in various ways. After a certain time, a molecular change, occurs, 
which gives rise to a sort of fermentation, the pliancy and nervousness seem to 
disappear, and the rubber is sometimes quite deteriorated. This effect may be 
due to a slight humidity in the pores of the substance, and to insufficient heat 
during vulcanisation. Again decay manifests itself by a partial loss of elasticity 
in the rubber, which cracks over all the surface exposed to the air, the small cracks 
becoming accentuated towards the centre of articles, the rubber feels harsh, and ends 
by becoming pulverulent. If drawn out it breaks; it looks as if it had been 
burnt. Or the rubber softens, becomes pitchy, tacky ; when drawn out it elongates 
but does not return to its original form. Sometimes it breaks. This defect, 
the result of insufficient vulcanisation, is still further aggravated by air and light, 
more especially by abnormal heat. This defect is similar to that in normal rubber, 
the final result of which is oxidised or resinified rubber. But the action is more 
energetic on rubber already enervated by repeated working in various ways during 
the long preparation of the substance, than with a virgin substance fresh from the 
hands of the producer. . How to prevent or stop the decay which takes place 
sometimes on certain jparts, whilst the neighbouring zones are sound is not known. 
It may be due to the unequal distribution in the mass of the vulcanised portions 
and the vulcanising substances. Even moonlight sometimes affects the quality of 
vulcanised rubber (Chapel). This, he says, has been observed numerous times on 
threads remaining under tension for several days. ChapeFs observation may be 
classified amongst those real but inexplicable phenomena which those in the trade 
often come across, and are the cause of serious trouble. The action of the lunar 
^ ? Parts liy volume or by weight instead of per cents.— Tr. 
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rays is often fatal to dyed drapery, and the sagacity of experts has not been able 
to afford a satisfactory explanation of mishaps of this kind. These mishaps may 
be mitigated by treating the vulcanised article with boiling baths of soda or potash, 
caustic or carbonated. But these washings only act superficially, and the evil 
soon reappears. Gerard’s process of vulcanisation, called the alkaline process, 
also partially remedies these diseases of vulcanised rubber. But such remedies 
are merely palliatives ; the evil, in itself, is insurmountable, because vulcanisation 
is not a finished operation. Vulcanisation by metallic sulphides would therefore 
be the best means to use, if it did not entail other drawbacks. 

Action of reagents and metals, — Vulcanised rubber resists chemical reagents, 
acids, alkalies, and the greater number of salts, better than normal rubber. There is 
one exception, the action which metals exert upon it, or, more exactly, the action of 
vulcanised rubber upon metals, — iron, copper, and the alloys most commonly used 
for industrial purposes. These metals, in contact with vulcanised rubber, become 
corroded and, reciprocally, corrode the rubber. Either because the sulphur, in 
excess, has formed ,a metallic sulphide, or that the affinity of the sulphur for the 
copper and the iron is greater than for the hydrocarbide, the metals in contact 
with the vulcanised rubber become coated with a black layer of metallic sulphide, 
and the substance itself perishes and loses its natural properties. The same effect 
is observed with gold, silver, and lead ; but that is a less important point : these 
metals do not often come in contact with rubber. If it be desired to avoid grave 
mistakes, these reciprocal corrosions must be taken into account. Hence, in 
the manufacture of electric cables, care must be taken not to apply vulcanised 
indiarubber directly on the copper wires. The wire would (1) rapidly lose its 
conductive power, and (2) the dielectric some of its efficacy. Again, in the making 
of moulds, where iron is the raw material preferably used, it is necessary both 
before and after each operation to clean the moulds perfectly with emery paper. 

Reclamation and desulphuration of vulcanised rubber — Differentiation hetiveen 
(a) normal rubber waste^ (b) waste from wnheated mixtures of sulphur and normal 
rubber^ and (c) vulca/nised rubber waste, — If it be easy to utilise normal rubber 
waste, and also that of mixtures not yet vulcanised, since simple mixing suffices to 
restore almost entirely the whole of their properties, it is not so with rubber which 
has been heated with sulphur or its derivatives. If it is often indispensable in the 
manufacture of technical articles to free them after vidcanisation from an excess of 
sulphur, simply in juxtaposition, which would tend to exercise an ulterior prejudicial 
action on the quality and durability of the article, it is equally important to utilise 
factory waste, and articles condemned, either because they are defective, or because 
prolonged usage has made them, unfit for further use. The almost absolute resist- 
ance of vulcanised rubber to the action of solvents does not allow this problem to 
be easily solved, and all the efforts of successive inventors have only ended in a 
palliative. Many methods have been proposed for utilisation of waste, and also for 
desulphuration of vulcanised rubber. Heinzerling classes them in three distinct 
categories — 1. Mechanical division of waste, and use of the powder as an addition to 
virgin paste. 2. Fusion of waste, and use of the pitch as an addition to new 
mixtures. 3. Partial desulphuration and solution in appropriate solvents, evapora- 
tion of solvent, and utilisation of residue. (1) To first of these methods belongs 
Goodyear’s, 1 the oldest known process for reclamation of vulcanised rubber. He 
reduced the waste to a finely divided state, and then mixed it and combined it with 
normal rubber and the sulphur required by the latter, and used the mass so 
obtained for a fresh batch of vulcanised rubber, or the waste, impregnated with a 
little benzine, is digested from twenty-four to fifty-six hours in a closed, slightly 
heated reservoir; the waste swells to. from three to four times its original bulk, and 
is thus easily reduced by the rolls to a very fine powder. This process appears 
simple and seems to solve the question. This is not so, however. The waste once 
vulcanised has undergone this first attack of the sulphur, and the heat which pro- 
duced the incomplete transformation stopped at a desired point for the determined 
^ British Patent, 2933 ; 1853 . — Tb. 
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industrial requirements of vulcanisation. Mixed with the sound part which has 
not yet been heated,, the substance will certainly not behave, during vulcanisa- 
tion, in the same way, and the product will not have the properties of good 
vulcanised rubber. Moreover, the vulcanising foreman would be quite at sea and 
would not know when to aiTest the process. It is not so if the waste, swollen as 
above, be reduced to powder, and again passed through the slightly heated mixer. 
The sheets, of little consistency, it is true, may then i>erfectly well, either after 
compression in moulds, or in the state of powder, undergo the final treatment by 
which ebonite is produced. A rational use without any great expense is thus found 
for this waste. The only drawback is, that it occurs in rather large quantity, and the 
manufacture of ebonite is limited. (2) The seccnid method of reclaiming waste 
consists in fusing the finely divided waste in a pot. A pitchy mass is obtained, 
extremely tacky, which, on cooling, becomes converted into almost solid blocks, if 
the surrounding temperature be sufficiently low. But if the operation be conducted 
during very hot weather, the product assumes a semifluid characteristic condition. 
This product, mixed with other substances — linseed oil, for example — ^may be used 
in waterproofing certain fabrics. Mixed with normal rubber, it may again serve to 
coat the canvas with which certain hose pipes with metallic spirals are surrounded. 
(See special chapter on Rubber Substitutes.) (3) It now remains to examine the 
third category of rubber waste reclamation processes. This method, moreover, is 
intimately connected with the question of desulphuration. The solution of this 
waste, in an aiDpropriatc solvent, would be the most rational reclamation process ; it 
would naturally yield the most easily utilisable substance. But the true solvent 
has not yet been found, and all these processes run very dear. 

Nexotonh p^''ocess (British Patent, No. 1687 ; 1854), based on steeping from two 
to fourteen days in camphine (oil of turpentine rectified over bleaching powder), 
is not intelligible from the patent. 

Heinzerling md lApma/ti'nls British Patent^ 1874. — The finely divided waste 
rubber is washed, then boiled in a 10 per cent, solution of caustic soda for some 
hours. After complete drying, the substance is run into a stove, heated by steam to 
a temperature of 80® to 100“ C. (176“ to 212“ F,), in presence of benzol, spirits of 
turpentine, or other solvent of that nature, with which it remains in contact until 
complete solution is effected. To obtain a reclaimed rubber as free as possible 
from mineral admixture, the solution is allowed to stand to deposit, and the clear 
liquid is decanted, sometimes filtered ; complete separation is thus effected. The 
solution is distilled in a retort by direct or indirect steam j the addition of appro- 
priate substances prevents any initial vulcanisation. If an absolutely pure product 
be not required, the mass as it comes from the digester may be distilled. The 
evaporation of the solvent, which requires to be conducted at an extremely low 
temperature, must be as complete as possible, if it be desired to avoid blowholes 
and air-bells. In each batch only waste of the same composition if possible should 
be used. The waste is therefore sorted out into lots before being used. The more 
the shreds are cut up before being put into the digester the more rapidly will solution 
be effected. It is thus advisable to combine this process with the swelling and 
shredding previously described. 

Burghardy Bowlay^ <md Salmonson^s process (British Patents, 525 and 2340; 
1878) (both provisional). — The object of these patents is more to free weighted 
rubber than to actually reclaim it. They treat the waste with hot hydrochloric 
acid, and so carbonise all vegetable fibre incorporated with the rubber, whilst 
any metallic oxides present, such as zinc, oxide, are also dissolved. The 
rubber is then dissolved in petroleum spirit, carbon disulphide, linseed oil, benzol, 
or any other solvent, by aid of heat, and the solution finally evaporated. If 
linseed oil be used as, solvent, an ulterior treatment with ammonia is necessary. 
The residual caoutchouc is vulcanised afresh. The acid solutions contain the 
dissolved metallic salts, which can be precipitated as carbonate and again used. 
The novelty rests in stripping the waste and in the separation of the metallic oxides. 

N(ithmM ChapTiKm^and MitchelVs process (British Patent, 5048; 1881, 
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■wMch. see for supplementary details). — ^In the same line of ideas Nathaniel Chap- 
man and Mitchell patented in 18S1 a special apparatus for the treatment of india- 
rubber waste by sulphuric or by hydrochloric acid, under a pressure of 50 lb. per 
square inch, Fig. 89. ^ is a vat with its lid B, Both are lead lined so as to 

resist the action of corrosive acids. Along the bottom of the vat passes a pipe a, 
pierced with holes, and from there branch out other cross tubes, likewise perforated ; 
a ends in a vertical pipe 5, which emerges from the lid. h communicates with the 
steam-supply pipe c? by a movable indiarubber joint e. By lifting the joint the lid can 
be raised, i? is‘a chimney for the disengagement of gases and vapours. It consists 
of two parts, / and g j / forms part of the body of the lid and is connected with 
the body of the fixed chimney ^ by a movable collar A If the collar h be pushed 
on g the case becomes portable. A lead damper i serves to regulate the escape of 
steam and gas. The acid is poured on the bottom of the vat A ; after which the 
waste is packed into it. The lid replaced, steam is run on from d into &, then into 



Fig. 89. — Chapman and Mitchell’s apparatus for the regeneration of indiarubber waste. 


a, and then spreads through the perforations throughout the whole of the acid 
liquid in the bottom. The pressure of steam ought always to equal 50 to 75 lb. 
jper square inch. The process lasts from one to five hours, according to the com- 
position of the waste. A syrupy mass is thus obtained, which, when drawn from 
the apparatus A, is passed through a washing machine to separate the rubber from 
the foreign bodies and the acid which accompany it. The rubber regenerated in 
this way is dried, then masticated, and wrought up afresh. The quantity and the 
strength of the acids necessarily depend on the quantity of foreign matter contained 
in the waste. The following are the proportions generally used : — 


Table XLIII. — Showing Amount op Mixed Acids used in Reclaiming 

Rubber Waste. 


Waste 

Sulphuric acid 66® Be.,\ 
168® Tw., sp. gr. 1*840/ ’ 
Hydrochloric acid 


1000 lb. 
300 to 500 ,, 
400 to 750 „ 


The vegetable fibres destroyed by the acids fall to dust at the slightest touch, 
whilst the metallic oxides are converted either into sulphates or chlorides. 
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Sulpliuric acid is used on account of its energy and clieapness, but hydrochloric 
acid is preferable when more complete purification is desired. To swell the rubber 
by benzine, in this- apparatus it suffices to close the chimney D by means of the 



damper until complete absorption, and then to oj)en it afterwards. Waste from 
3 to 15 per cent, of sulphur is only treated to eliminate extraneous matter, and the 
reclaimed mass then exists in the state of complete vulcanisation. If the waste is 
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not desulphuretted it can always be used up ; in this case, moreover, it is always to 
be preferred to ground waste, the density of which is always much higher. A 
great drawback to the commercial articles made from reclaimed rubber is the 
disagreeable smell, from which it is impossible to free it, and which it communicates 
even to sound rubber. It has not been hitherto found j>ossible to regenerate 
ebonite, which resists every known solvent, whatever may be the duration of the 
reaction. Such waste can only be utilised in the powdered condition, either by 
moulding and compressing by aid of some binding agent or by mixing the melted 
powder with fresh paste. Up to now we have only examined those desulphuretting 
processes which are used in the reclamation of waste. We have yet to speak of 
technical goods, where the problem is simply to eliminate by a simple process, but 
in as short a time as possible, the excess of sulphur which would injure the market 
value of the product. The excess of sulphur — the uncombined s^phur in juxta- 
position — can very well be eliminated by the same processes as those used to 
remove the bad smell, Le, by caustic or simply carbonated solutions of potash or 
soda, at a temperature of 80“ to 90“ 0. (176“ to 194“ F.). But this is not done 
without injuring the goods to a certain extent. In this operation alkaline poly- 
sulphides are formed, with disengagement of carbonic acid. If the contact of the 
substance with the alkaline liquid in presence of heat is very prolonged, and if 
caustic alkaline solutions have been used in too great excess, the rubber becomes 
hard and brittle. Moreover, the desulphuretted matter, even under favourable 
conditions, again becomes so adhesive on its surface that articles so treated and 
piled above each other, after a certain lapse of ■ time, become stuck together under 
the action of the pressure exerted : in this case the substance neither becomes hard 
nor brittle. In the case of real waste, — where it is necessary to extract, if not all 
the sulphur, at least a sufScient quantity, to re-endow the substance with the 
property of being attacked by the ordinary solvents, of being again wrought under 
some form. or another, to restore to it the adhesive quality which it lost by vulcani- 
sation, to render it apt to be vidcanised again in some manner or another, — the 
results hitherto attained have not always been in direct proportion to the efforts 
exerted. 

Christopker aThd Oidley (British Patent, 1461 j 1853) proposed “ to macerate the 
vulcanised rubber in a hot solution of carbonated alkali, or in a solution of hydrate of 
lime, till, through the action of these reagents, the requisite quantity of sulphm* is 
abstracted, that is, either as much sulphur withdrawn as reduces the relative proportion 
of the sulphur and the rubber to those required for any special purpose, or so far 
removes the sulphur as to leave the residual matter in a condition to be acted, on by 
the usual solvents or softeners of indiarubber, so as to adapt it for re-formation into 
manufactured articles, and of being re-vulcanised with sulphur or other material 
when required. If the rubber be not in the form of bands, it must be reduced to 
small pieces so as to facilitate the action of the alkali or* the lime, and the higher 
the temperature of the solution or of the water the more rapid is the operation. We 
generally employ the heat of boiling water, and, for economical reasons, we first 
boil with lime, which desulphurises on the surface, or to a small depth below the 
surface, then we run off the solution and the lime and then boil with a solution of 
carbonate of soda. At the end of a short time all the excess of sulphur or the 
uncombined sulphur is extracted, as well as the other substances introduced into the 
rubber during vulcanisation or after manufacture. In this state the desulphurised 
rubber is soluble in spirits of turpentine, naphtha, chloroform, and other liquids 
generally used to dissolve or soften rubber, ... • ^ 

“ . . . If it be found that the sulphur compounds thus formed, and which are 
partially dissipated into the atmosphere, are objectionable, a metallic oxide is added 
to the boiling solution : oxide of copper, for example, or a metallic carbonate 
capable of forming with the sulphur dissolved by the alkali an insoluble sulphide 
without disengagement of sulphuretted hydrogen.” 

Farlce^s process. — Before Christopher and Gidley, Parkes proposed to boil rubber 
waste in a solution of hypochlorite of lime until, by slight pressure, the pieces can 
14 
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be readily united. He tlien washed the waste prepared in this way in hot alkaline 
water, and afterwards in clean hot water. British Patent, 11,14:7 ; 1846, gives 
the solution as one of muriate of lime. 

These processes have a greater or less relative value which each manufacturer 
can alone appreciate. The same remarks apply to the palliative proposed ior the 
first time by Newton (Bxutish Patent, 158 ; 1860), and which has since been remark- 
ably improved. 

Newtonh patent — But, little satisfied with the process of Parkes and Christopher 
and Gidley, Newton (communication from John Haven Cleever) patented a new 
process for treating waste vulcanised indiarubber (British Patent, 158 ; 1860). The 
waste rubber is first ground into a coarse powder and steeped in or mixed with wood 
tar or with crude turpentine (or with the tarry or pitchy products derived from the 
distillation of rosin when producing rosin oil), preferring what is known in the 
TJ.S.A. as pine oil, a semi-refined, dark sherry-coloured, rather limpid rosin oil. 

The mixture of oil and ground rubber having remained from about four to five 
days, the superfluous tar or oil is run or strained off, and there is then to be added 
to the now softened rubber, by kneading, new or raw vulcanisable rubber, in any 
desired proportion to suit the quality as respects tenacity of the compound desired. 
Petroleum residues (British Patent, 2634; 1862) and vegetable oil pitches have 
been used, under pressui'e, at a temperature bordering upon ebullition. For 
certain special purposes these substances may be of use, but the matter dealt 
with is no longer rubber ; it is a rubber substitute. 

Summary, — If it he possible partially to desulplmrise mdcanised rvhher^ this 
desulphurisation is never complete^ atid the portion chemically 'combined with IJ 
to 2 per cent, of sulphur always remains intact. In a word, we do not yet know 
the chemical agent capable of producing the double decomixosition of the sub- 
stance called vulcanised rubber. Even if it were found, the desired end would 
not be attained, because after it had done its work the rubber obtained would 
certainly have lost the qualities which cause it to be esteemed. 

The following is an abstract of a lecture by Mr. W. F. Beid to the Liverpool 
section of the Society of Chemical Industry. It shows what has been done in the 
way of reclaiming waste of late years : — 

In the rubber industry aU the output eventually becomes “waste,” that is, it 
has become useless for the purpose for which it had been used. This “ waste ” finds 
its way back to the manufacturer for the recovery of the rubber. It was in 1846 
when the first attempts were made to recover rubber from “waste,” and in recent 
years a great advance has been made in this direction. The increased demand for 
rubber in late years for the electrical and motor-car industries has so taxed the 
supply that some process for the recovery of rubber from the “ waste ” has become 
more necessary. Last year the rubber output was 68,000 tons, there having been 
a large annual increase during the last five years. America is first with 42,800 
tons, Brazil contributing 41,000 tons. Much has been said about Mexico rubber 
lately of an exaggerated nature. Africa produces about 23,400 tons, the Congo 
Free State contributing the largest amount. Ceylon rubber has not come quite up 
to expectations. Much of it is of good quality, but for some reason it does not find 
favour with the manufacturer. In the manufacture of rubber for industrial i)uriJOses 
the crude rubber is treated with sulphur for vulcanisation, and with filling materials 
as chalk, barium sulphate, litharge, etc. It is the sulphur which causes the difiiiculty 
in treating “waste” for the recovery of rubber. Vulcanisation at present is a 
necessity, but it is possible that some other substance may be discovered which will 
take the place of sulphur, and so make the recovery of rubber less difficult. , Crude 
rubber will keep almost any number of years without deterioration ; it is on account 
of the sulphur that rubber is jxerishable. The author hero exhibited two j^ieces of 
crude rubber which had been keixt for a number of years and were quite as pliable 
as when they first came into his possession. He had not been able to obtain any 
vulcanised which had been kept for nearly as long. He had a rubber stopper which 
he had had in his possession twenty years, but it was quite hard on the surface. 



' • OHAPTEE X 

HARDENED RUBBER OR EBONITE 

Frelimhiary ohservatiom — Bhwnie of the theory of vulcanisation. — ulcanisa- 
tion properly so called is defined as only tlie first stage of a series of transformations 
wliicli the hydrocarbides constituting natural rubber undergo under the influence 
of a high temperature in presence of an excess of sulphur. The real terminal 
reaction of these successive and graduated transformations results in the formation 
of hardened rubber or ebonite. The full and comi^lete confirmation of this theory 
will follow from the attentive observation of the facts about to be described. 

GoodyeaT^s process . — The discovery of hardened rubber or ebonite is due to 
Goodyear.^ In 1853 he communicated the result of his experiments. By using a 
larger proportion of sulpur, and by further increasing the temperature, indiarubber 
acquires the elasticity and durability of horn and whalebone, and, by adding other 
mineral substances, such as magnesia, zinc oxide, chalk,- etc., it can be transformed 
into manufactured articles which could only be previously made from horn, ivory, 
metal, or leather. 

Rapid development of the industry. — The manufacture of ebonite then made 
rapid progress, and from the new material articles of prime necessity, as well as 
de luxe articles, and even tools were produced. 

Subsequent reaction. — But a reaction occurred about 1870 : buyers rejected 
ebonite so much that it fell into discredit. The principal reasons are easily com- 
prehended. In consequence of the grievous events on which it would be useless 
and inopportune to insist here, fashion neglected at this epoch objects of pure 
fancy or luxury, the ever-increasing applications of raw rubber raised the prices 
of ebonite articles so much that, alSiough of superior value for the purpose, they 
could not compete with articles manufactured with less solid and resistant but 
cheaper materials, and the high price of the raw material induced manufacturers, at 
bay, to load their goods with inert substances in such a proportion that the quality 
of the goods, instead of being superior to similar articles, was often inferior in every 
respect. We have now returned to less fatal vagaries in this branch of the 
industry, and ebonite again begins to find favour with buyers. But it must not be 
forgotten that a substance — not absolutely indispensable in daily life — cannot hope 
to lead a long commercial career, except by its qualities, which should always be 
beyond all criticism. No longer must a technical writer be able to say, like Donath, 
in 1887, that “in ebonite articles the ‘gum resin’ only plays an accessory role in 
regard to the additional substances which form the base ; it no longer intervenes as 
an elastic substance, but simply as an appropriate binding agent which is preferred 
to other cheaper agglutinants on account of its resistance to chemical agents and 
solvents” {Moniteur Sdentifique de Quesneville^ 1887, p. 77). 

Secret processes and contradictory information. — “The essential processes of 
this manufacture are at the present time considered, with more or less reason, as 
veritable secrets. The data are so contradictory that one can flatly say that they 
are all more or less short of the truth. Goodyear, for instance, takes out a patent 
for curing at the temperature of 130° to 150° C. (248° to 302° F.), whilst other 
inventors affirm that a temperature of 160" to 165° C. (320° to 329° F.) is indis- 

1 British Patent, Nos. 6, 16, 19, 24, 28, 30, 33, 37, 43, 163 ; 1852 .‘-Te. 
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pensable. Some state that the process lasts four to five hours, whilst others assert 
that eight to twelve hours are required ’’ (Heinzerling). 

Ea%t Indian and Java mhb&rs pr^erred to Fara and Africa/n rvJ)herH in 
nmn%ifac.tiire of ebonite . — All varieties are not equally esteemed for this special 
branch of the industry, and Para rubber is not that preferred by the trade, not 
because this substance does not possess the requisite qualities. In the beginning, 
Para was the only rubber used for ebonite, and very beautiful products resulted 
from its use ; but as, in the special working of ebonite, elasticity (which is the 
property par excellence of Para) is destroyed by the fact of the vulcanisation being 
always pushed almost to the extreme point, it has not been found profitable to 
use nervous rubbers for this purpose. This way of looking at the matter has its 
justification so far, in the fact that it allows of the making of cheaper articles j and 
the majority of manufacturers at the present day prefer East Indian and Java 
rubbers to Para. African rubbers are less esteemed ; they yield too dry, too brittle 
a product. 

Improvement hoped for in African rubber. — ^It would be easy to explain this 
bad repute of African rubbers by the imperfections inherent to the present method 
of coagulation. But these methods are in the way of being improved from day to 
day, and before long we hope to witness a better appreciation of these raw 
materials. 

, Preparatory work — Ordinary vulccmidng plant mifficient . — The work properly 
so called is divided, as in the case of other articles, into a preliminary preparation 
of the rubber, consisting in softening, washing, drying, masticating, mixing the 
rubber with sulphur and other conditions more or less useful, and the machines and 
tools for vulcanisation are more than sufficient. 

Dose of mlphur increased according to nature of object. — The only difference 
(which naturally follows from the end in view) is that the proportion of suliffiur is 
no longer the same. If it be desired to obtain goods endowed with a certain 
amount of pliancy and elasticity, like whalebone substitute, canes, etc., ii should be 
less, say 12 to 14 per cent.; if, on the contrary, it be desired to obtain a paste suitable 
for making rigid objects, drawing-rulers, discs of electric machines, knife handles, 
buttons, etc., the proportion of sulphur should be greater, 24 to 35 per cent. The 
maldng of combs requires an intermediate quality, and the quantity of the sulphur 
should be so adjusted. The elasticity of hard rubber combs from different makers 
was found by Ebermayer to vary with the sulphur content. Those with a sulphur 
content of 1T95 per cent, could be easily bent but not fractured. Those with 
2T46 per cent, were not easily fractured, whilst one with 28*25 per cent, was very 
hard and brittle indeed. In fact, combs are most often made from rubber with 
20 to 24 per cent, of sulphur calculated on the weight of the rubber. 

Minimum and maximum amount of sulphur . — Experience proves that the 
quantity of sulphur should never be less than 20 per cent., lest an incomplete 
reaction ensue and thus produce an ebonite destitute of all desired qualities. As 
an extreme limit, 35 per cent, of sulphur must never be exceeded, lest an absolutely 
brittle ebonite result. 

Curing. — Whilst vulcanisation is the terminal point of the phases of supple 
rubber manufacture, it is not so with ebonite, except in a few instances. Two 
methods are available — the masticated and laminated paste is cured in sheets or 
bands of different thickness, then wrought as required by the turner with the file, 
the saw, the lathe, etc., just as whalebone, horn, wood, etc. The paste comes out 
of the mixer as a sheet, the thickness of which may be varied at wdll by bringing 
the two rolls nearer each other by means of the pressure screw with which they are 
provided, or, better still, by Mongin’s mixer, the improved arrangements of which 
are such that a single touch regulates this distance in a perfectly uniform manner, 
which is not always the case with other mixers. For ordinary articles, the thick- 
ness is usually 2 to 7 millimetres (-^j to ^ of an inch). As soon as a sheet is 
rolled it is cut into tablets of the desired dimensions : for example, 60 centimetres 
in length by 40 centimetres in width (say 24 inches by 16 inches). These tablets 
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Of course it is the sulphur which makes the rubber so that it is not affected by- 
changes of temperature, and renders it useful in the various industries, but he 
believed that inertness without sulphur may yet be possible. All old vulcanised 
rubber contains traces of sulphuric acid, evidently produced from the sulphur. At 
present rubber brittle with age cannot be, renovated. The principal source of 
waste ” rubber is inner tubes and discarded tyres of motor-cars and cycles. This 
kind of “ waste material is the best available for the recovery of rubber, because, 
though physically useless for the purpose required, it has not chemically deteriorated, 
and is therefore well suited for the recovery of rubber. In regenerating or recover- 
ing rubber it is not necessary to remove all the filling materials. Fibre is the most 
troublesome to remove. Mechanical methods are th^ best for removing fibre. The 
material is ground to a fine poivder and the fibre blown out. In some instances the 
fibre cannot be removed by mechanical means, and has therefore to be treated by 
some chemical jjrocess depending upon the nature of the fibre, the decomposed matter 
being washed out. There is some action on the rubber by the acid or alkali used 
which causes deterioration. Vulcanised rubber becomes insoluble in solvents which 
dissolve raw rubber, and only a portion of rubber can be dissolved out by the 
ordinary solvents for raw rubber. Many samples of recovered rubber on the market 
have been spoiled by overheating in the recovery process. Recently a French 
chemist has discovered a new solvent for rubber, and a factory has been erected for 
the recovery of rubber from “ waste.” The “ waste ” is reduced to a powder, and 
subjected to treatment with terpineol, a bye-product of the artificial camphor 
industry, and then diluted with benzine when the mineral matter settles down. 
The supernatant liquid is then treated with alcohol, which precipitates the rubber. 
This process produces very good rubber indeed, and is the best known to the author. 
There is a considerable amount of rubber recovered by old processes ; in America 
alone last year 380 tons of rubber was recovered. In replying to the discussion which 
followed, Mr. Reid said that he understood the boiling-point of terpineol was high, 
and that it is very volatile in steam. The process takes place at from 100° to 150° C. 
He could not say what the cost of the production of rubber was by this process. 
He understood that there was plenty of terpineol available for this process of 
recovery. Rubber tubing keeps very well in water, light being the principal cause 
of deterioration. 
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are still soft, Tliey are collected on frames covered with moistened canvas, and 
immersed for a few instants in tepid water so as to render them firmer by freeing 
them from the excess, of heat, and to enable them at that stage to contract to a 
certain extent. If this contraction were produced during curing, it would deform 
the articles. Finally, they are wiped, arranged on glass or on tin plates previously 
coated with a slight layer of an unctuous greasy body. A polished iron roller 
previously powdered with talc to prevent adherence is passed over them, and they 
ai'e allowed to freeze, during twenty-four hours, in a horizontal position. They are 
then ready for curing by means of steam or superheated air. In curing by steam the 
frames on which the tablets are placed are arranged so that the latter are always in- 
clined under an angle of 45°. This inclination is necessary so that the tablets do not 
sink or ‘‘ run ” when softened by the heat, and that the water which condenses during 
the operation cannot remain there. The steam is introduced so as to raise the interior 
temperature up to 135“ 0. (275“ F.) very regularly and gradually, and from that 
point forward it is kept at that temperature during a fixed period of time. A few 
degrees above this temperature will burn the substance ; a few degrees lower, and 
the want of regularity will result in the operation having to be done over again. 
The period when the temperature should have reached the desired degree varies with 
the thickness of the object. The same principle applies to the duration of the 
curing process, starting from the moment when the proper temperature is reached. 
With thicknesses of 9 millimetres (say J inch) and under, the temperature ought to 
reach 135“ C. (275“ F.) in two or three hours, and the curing should not last longer 
than seven hours. With thicknesses of 10 to 12 millimetres (say inch), the 

temperature ought to be raised more slowly to the desired degree in about four 
hours, and curing prolonged from that time forwards, during eight, nine, ten, and 
even twelve hours. This margin of two to twelve hours may appear rather elastic, 
but no fixed standard has been found for curing hardened rubber. Thus, pieces 
of the same thickness, consisting of the same ingredients, with the same proportion 
of sulphur,' have been repeatedly cured at the same temperature and with identical 
supervision, and in eight hours the pieces have been perfectly cured ; whilst on 
othev occasions, after ten hours, the pieces had to be re-cured for from twenty 
minutes to three hours. Thick pieces are often quite cured, while other and 
thinner pieces are still underdone. When the curing process is judged to be 
complete the steam is turned off, the whole allowed to cool down for some time, 
then dismantling is effected, but the frames are not stripped until completely 
cold. 

Differentiation between perfectly cured^ ^dercnired^ qmd overdone goods . — When 
.curing has been done to a nicety, the rubber is resistant and beautifully black. 
When it is not cured enough, it is soft, nerveless, like boiled leather, and of a 
greenish colour, which is deeper the nearer it approaches the perfect stage of the 
curing process. When curing has been pushed too far, so that the ebonite is 
burnt, it remains spongy, and resembles the blocks of soot agglomerated by pitch 
often found on the sides of chimneys; it is then irretrievably lost, and is not fit 
for any earthly use whatever. 

Defects of the wet steam process . — The steam condensing in the vulcaniser causes 
drops of condensed water to fall back on the still soft sheets : now this condensed 
water brings in its train the lamellae of rust from the inside of the cylinder, which 
sometimes digs holes in the sheets, and spots them right into the interior of the 
paste. ^ Payen^s remedy, consisting of a kind of protecting shield, seems only a 
palliative, and it would be better to obviate such an evil as is often done by 
substituting superheated air, or dry steam, for the action of wet steam. 

Curing in the mould — Prevention of air^hells . — In certain cases the mixed 
paste is compressed into moulds in which it is immediately cured. But then air- 
bells are often disengaged between the paste and the side of the moulds, which 
cause damage. Engel proposes to remedy this evil thus : — The substance is com- 
pressed in the mould, previously filled with a liquid capable of mixing with the 
rubber, e.g. linseed oil. The compression exerted in all directions naturally pushes 



HARDENED RUBBER OR EBONITE 


215 


out the liquid, and the inventor claims to eliminate in that way all traces of air- 
bells. The oil incorporated with the pasty matter, unless excessive, in no way 
injures the subsequent operations. 

Banger of cracking in the mould , — If ebonite is to be made by moulding a 
soft paste of little consistency, there is danger of breaking or cracking during 
curing or subsequent cooling, owing to the difference between the coefficient of 
expansion of rubber and that of the moulds (brass, zinc, etc.). 

Curing should not therefore be done in moulds unless in thin hollow articles, or 
objects which do not require to have a perfectly glazed surface. If the object, 
vulcanised in a mould, be too thick, the surface is covered with alternate 
elevations, sometimes remedied by protecting the paste before curing with a piece 
of tin, but there are still inequalities to be removed by the plane, file, etc., before 
the articles are marketable. In any case, moulded ebonite must be polished after 
cutting; it takes up time, and besides involves a considerable addition to the cost 
price. Moreover, moulded articles are difficult to polish. 

Gowper^ 8 process (British Patent, 2288; 1858). — To obviate these drawbacks, 
Oowper exposed the objects to be vulcanised, in their brass or zinc moulds, from 
half an hour to three hours to the action of steam or a current of hot air. The 
temperature and the duration of this process vary with the proportions of sulphur 
and rubber. If as high as 1 of sulphur to 2 of rubber; Cowper recommends a, 
first heating process of one hour at a temperature of 148" C. (say 380" P.). If 
the proportion of sulphur is less, the time must be increased proportionately. 
If the heat be greater than 148" C. (say 300" F.), less than an hour will be 
required. The mould is then allowed to cool, and removed from the articles, 
which as yet are only partially hardened. All defects, such as blisters, holes, or 
asperities or other surface imperfections, are now apparent ; and the manipulator 
j&rst covers them with a slight layer of rubber solution, and the holes are- then 
filled up and smoothed with the original paste to be vulcanised, and the mended 
articles are then pressed again in the mould and the heating resumed for a half to 
three hours at such a fixed temperature as the case demands. 

If the heating be done in a bath of wet steam, care must be taken not to let 
water penetrate into the moulds, which are therefore hermetically sealed. 

This second heating does not yet produce perfect ebonite; the articles are 
removed from the mould to pass a fresh inspection. If still imperfect, the mending 
and heating is repeated as before. If otherwise, the article is placed loosely in a 
box without the mould ; this box with the loose articles is then hermetically sealed, 
and the hardening is completed by a final heating, which may vary from six to 
eight hours. A practised hand can thus make articles of a restricted size with 
a single re-heating, whilst those of larger dimensions, whatever be the skill of 
the workman, nearly always require two re-touchings and consequently two re- 
heatings. Nevertheless, the articles as they come from the boiler have always a dull 
appearance, and show seams which have to be pared or filed, and if there be 
punctures,, they must be filled up with shellac. They are then polished with 
emery or pumice-stone and oil, and finally they are polished if need be with rounds 
of felt. 

For articles requiring a more perfectly polished surface, Cowper uses two 
different moulds. In the first, the first preparatory heating is conducted, and the 
object as it comes out of this first mould undergoes the necessary mendings and 
re-touchings. When the mass so treated has acquired about three-quarters of the 
desired hardness, it is then removed from the heat and from the mould, and is 
deposited in the second mould, in the interior of which are engraved the finer and 
more delicate designs. The article is then firmly pressed into the mould, and the 
hardening is completed. 

Otto and Traun* s process. — They* harden rubber in glass moulds, the interior 
surface of which is dressed en mat (ground fiat and smooth). The single or 
made-up articles made ty this process have, it is claimed, a perfectly homogeneous 
texture and do not require any re-touching. The sheets of ebonite obtained on 
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frosted glass have the brilliancy and uniformity of cut glass, and come out of the 
vulcanising apparatus with an intense black lustre not otherwise attainable up to now.^ 

Poivdered ehonite, — Ebonite powdered by the rasp is used as a solder to joiii 
the different faces of boxes and coffers. It is emjdoyed in that condition daily to 
produce by moulding and pressure a host of objects of complicated or delicate 
shape, such as statuettes, knitting-needles, umbrella and parasol handles, knife 
handles, imitation deerhorn, picture-frame ornaments. When agglomerated by 
heat and pressure, the grains of this powder form a coherent surface which 
perfectly espouses all the delicate intricacies of the moulds, and which can be 
brightened with metallic and other incrustations absolutely like shell. 

Golowring ehonite, — “The Americans,” says Chapel, “are able, it would appear, 
to colour ebonite superficially by two processes, of which we shall term the one 
dusting or sprinkling, and the other veneering. Dusting consists in sprinkling the 
sides of the mould with finely powdered colour, and moulding and vulcanising the 
article therein. Veneering or enamelling — Here the object itself is covered with a 
sheet of coloured rubber, after moulding it in the press, so as to cause it to take 
the imprints of the mould in which it is replaced to be vulcanised. We tried to 
enamel hardened indiarubber by Brianchon’s process — a process which had a great 
success in the ceramic arts thirty years ago. This inventor was able to impart the 
multicoloured lustres and reflections of pearl to porcelain by means of a composition 
of which nitrate of bismuth, rosin, and Venice turpentine formed the base. We 
covered the small cubes of hardened rubber with this varnish, and introduced the 
sample into a decorator's ^ furnace and left it there for ten minutes at a temperature 
of 300° C. (572° E.), and we obtained a most beautifully brilliant effect. During 
the operation the heat in no way altered the cubes, the edges of which preserved all 
their distinctness. This enamelling process might receive useful apiflications, and 
would enable coloured articles to be produced if metallic oxides, like those used to 
colour porcelain, were incorporated with the varnish.” 

Enamelling with a coat or veneer of ehonite, — Ebonite, in virtue of its elasticity 
and dui'ability, has been applied as a protective enamel or veneer to metallic 
objects. The article is coated by means of a brush with a solution of indiarubber 
dissolved in petroleum spirit or benzol, after which it is dusted over with flowers of 
sulphur. When the first coat is dried the same treatment is again applied, and 
when the second coat is dried the articles so treated are vulcanised by rapidly 
heating them to 160° to 170° C. (320° to 338° F.). The articles when taken out of the 
vulcanising apparatus are enamelled with a coat of ebonite. Bad spots can be 
made good by giving the article another coat, and again dusting it .over with 
flowers of sulphur and once more vulcanising. To produce a superfine jet black, 
the object should be dusted with either gas black or Frankfort black, after being 
dusted with flowers of sulphur. Lampblack should not be used ; it is too greasy, 
and cannot be so readily brushed ;off as either of the above-named blacks. 

Colouring , — More massive enamels may be made by applying to the object to be 
so enamelled a rather viscous solution of indiarubber, previously mixed with the 
colouring principle and sulphur calculated on about 12 per cent, of the weight of 
the original rubber, so as to obtain a mixture having the consistency of thick liquid 
paint. If too viscous to apply with a brush, it may be thinned with turps ; or if 
too thin, pigment may be added to bring it to the right consistency. If benzene 
or carbon disulphide have been used as . vehicle or thinners, great difficulty will be 
experienced in evenly applying the viscous coating. The best results are obtained 
by swelling the rubber in benzene or carbon disulphide, and thinning down with 
turps or rectified petroleum spirit. The successive coatings should be thin, the 
necessary thickness being obtained by applying several repeated coats. Marbled 
designs can be produced on a white ground by tinting with different colours. . 
When the desired result is attained, the coat is first of all dried at a temperature 
not exceeding 100° 0. (212° F.), and any bad places made good. Finally, the 

^ See also British Patent, 4944 ; 1878.— Tn. 

2 ? Japanner’s oven or stove, — ^Tn. 
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whole is vulcanised at a temperature of 160° C. Ebonite enamel so made is 
susceptible of a magnificent polish, and its adherence to metal is very great. 
Moreover, it is capable of withstanding a temperature of 200° G. (392° F.). It can 
be used for enamelling the outsides of stoves and such like. 

Semi-hardened rubber is produced by diminishing the proportion of sulphur in 
the mixture, whilst at the same time the heat is not pushed so far. It responds to 
a hmited demand when absolute rigidity in the article is not required. Articles 
are so prepared which, having a rather compact grain and great resistance, yet 
still possess a relative elasticity. Certain articles ought to be made so as to be 
very pliant in certain points, whilst other parts should be very hard and resistant. 
The result is obtained by alternating pliant portions with hard portions. So as 
to prevent the pliant parts from hardening during heating, mixtures of only 3 
to 4 per cent, of sulphur are used ; they stand heating for a long time without 
alteration. 

Properties and multitvdinmis uses of hardened rubber {ebonite). — Ebonite in 
several of its properties resembles wood, horn, ivory. Its polish is superior, and it 
is much preferred in the making of small and large imitation horn combs, because 
it supports the cleansing action of hot water better than horn. Hot water does 
not cause ebonite to become rough to the touch and to be liable to crack like horn. 
Even after prolonged usage, the teeth of such toilet articles remain sufficiently 
smooth, and good quality ebonite is sufficiently elastic not to break under a rather 
perceptible bending strain. It is a substance eminently adapted for the develop- 
ment of static electricity, by rubbing, which justifies its use in the malung of the 
discs of electric machines. Its dialectric properties are weU known, and explain 
its use as an insulator for electrical cables and apparatus in which electricity plays 
the preponderant r61e. 

Action of acids^ etc. — It resists the action of strong acids, such as sulphuric and 
hydrochloric acids admirably, and thus justifies the application which has been 
made of it in the construction of pumps, taps, and hose specially intended for 
handling corrosive liquids. Owing to its rigidity at the ordinary temperature, 
rulfes, set squares, netting-needles, buttons, etc., may be made from it. Its colour, 
an intense black, aided by the natural polish with which it is endowed, enables it to 
be made into relatively cheap articles of ornament and luxury. Solvents. — It is 
insoluble in ordinary solvents for raw rubber and vulcanised rubber. Carbon 
disulphide and coal-tar hydrocarbides are only capable of making it swell slightly. 
Coefficient of expansion. — It posseses, in the highest degree, the property of expan- 
sion. Kohlrausch, in determining its coefficient of expansion, found that it was 
three times that of zinc. 

Table XLIV. — Showing Expansion op Ebonite at Dippebent Tempeeatures. 

For 1° 0. ebonite expands — 

0-0000770 between 16“-7 and 25‘’-3 0. (6r-86 and 77°*54 F.). 

0-0000842 „ 25‘**3 and 36°‘4 0. (77'’-64 and 96‘’-72 F.). 

This coefficient thus increases with the temperature. Two bands, one of white 
iron, the other of ebonite, soldered together, warp appreciably when slightly heated. 
It is the same with ivory. A small sheet of ivory (8 in.), united by isinglass to 
a sheet of ebonite, becomes an excellent thermometer without any need of a 
thermometric scale; the terminal unglued part elongates several millimetres for 
each degree 0. of rise of temperature. A simple plate of ebonite shows, moreover, 
the singular property of this substance of becoming dull and warping when the mass 
is unequally heated. If only one side of a plate be heated, it immediately becomes 
perceptibly dull. The above coefficients of expansion show, moreover, that ebonite 
possesses a power of expansion equal to that of mercury, .if H- 0“ C. be taken as the 
point of departure ; if the point of departure be higher, this power is even greater. 

Summary. — These are the salient features of ebonite, a product of the 
action of sulphur in sufficient quantity, and under the influence of a certain 
temperature, on normal rubber. The physical and chemical properties of ebonite 
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Lave nothing in common with the natural and primitive product. Rubber, 
as imported, is excessively liable to decay under the influence of atmospheric 
agents ; vulcanised rubber is less so ; and ebonite not at all. If heat still appears 
to have some action upon it, the effects thereof are diametrically opjDosite if the 
initial condition and final result be considered. Natural rubber yields at high 
temperatures volatile products and liquids of different densities and compositions ; 
ebonite only gives a final product, carbon. Finally, if natural rubber has for 
the greater part of the time a faint odour of its own, if jDliant or vulcanised india- 
rubber be easily known by its quite peculiar odour, from which it is difficult to free 
it definitely and comj^letely, hardened rubber is completely inodorous, although the 
proportion of sulphur be infinitely greater. There, again, is one of the most 
powerful arguments that could be invoked in favour of our theory of vulcanisation. 
The same remark applies to the property of ebonite of producing, with time, 
neither efflorescence of any sort — ^the special property of vulcanised rubber ; nor 
resinous pitchy matter — ^the special i3roperty of natural rubber. 







CHAPTEE XI 

CONSIDEEATIOXS ON MINERALISATION AND OTHER MIXTURES 
—COLORATION AND DYEING — ANALYSIS OF NATURAL OR 
NORMAL. RUBBER AND VULCANISED RUBBER. 

Freliminary Observations, — The impurities and the inert substances which 
indiarubber may contain, either accidentally or fraudulently, have been dwelt 
upon sufficiently in Chapter III. But normal rubber that is sufficiently 
purijfied by special treatment, so as to be capable of being used in the 
manufacture of technical articles or to undergo the different phases of the trans- 
formations which terminate in vulcanised rubber and ebonite, would not always, 
by itseH alone, be adapted for the numerous purposes for which it is intended. 
There are even cases where no single natural rubber of unique origin will answer 
the desired requirements, and recourse must be had to mixtures of rubbers 
from different sources. Thus, in the preparation of very elastic articles of a 
white colour, Para is often mixed with Madagascar and fine Borneo. To reduce 
the price, inferior quality rubber is mixed with superior quality. The waste from 
natural rubber is often used in that case, and without drawback. 

Ths endless series of substances incorporated with rubber, — The manufacturer, 
according to the different uses to which he intends to employ it, must therefore impart 
to it new properties which it does not naturally possess. The incorporation of sulphur 
and its derivatives, as already seen, modify to a greater or less extent the nature of 
the normal article. To impart to the substance a greater or less degree of con- 
sistency, to colour it with different hues, to give it more or less weight, and thus 
allow cheaper articles to be made, an endless series of substances are incorporated 
with it. Some are useless, from a technical point of view; others only serve to load 
the manufactured article, most generally to the detriment of its quality and durability. 
A rubber for ink erasers is not necessarily heavily loaded with barytes, silica, ground 
pumice, etc. ; it is the rubber that should wear, not the paper, and the rubber 
should not act on it like a file. The numerous compositions so made, says Chapel, 
are the subject of receipts which each manufacturer preserves with great secrecy. 

Diffimlties in matching samples. — It is not enough to know the substances which 
enter into the composition of any given mixture; to produce a similar article, 
there are proportions to be observed. Even with numerous gropings in the dark, 
it is, if not impossible, at least very difficult to imitate' a product, so long as the 
exact quantities of the substances entering into its composition and the details 
relating to its vulcanisation have not been determined. ’We now proceed to 
enumerate the chief substances employed in_ the industry for either one purpose 
or another. To increase hardness and elasticity, gutta percha, corrongit,^ balata, 
and rosin are chiefly used; but the latter body only in limited quantity ; whilst 
numerous other substances, such as chalk, plaster of Paris, calcined magnesia, 
asphaltum, coal-tar, only serve to increase the bulk, to the detriment of the quality. 
Magnesia, however, has the property, more than any other addition, of hardening 
the rubber. There can thus be incorporated with the rubber as much as 80 per 
cent, of foreign substances, in the form of impalpable powder, without rendering 
it unfit for certain intended uses. It is in vulcanised rubber that these additions 
are now chiefly used, and the mixing is always done during mastication, at the 
same time as the sulphur or metallic sulphides are added. 

^ A species of elastic bitumen, particulars of which are given under ** Rubber Substitutes.*’ 
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Table XLV, — List op Organic and Inorganic Substances that are 

OR HAVE BEEN MIXED WITH MANUFACTURED InDIARUBBER. 


Albumen. 

Chrome green. 

Epsom salts. 

Gypsum. 

Paraffin. 

Starch. 

Asbestos. 

Clay. 

Eibinn. 

Iron, oxide of. 

Pitch. 

Stearine. 

Asplialtum. 

Balata. 

Coke. 

Flock. 

Lamp-black. 
Leather waste. 

Plaster of 

Talc. 

Collodion. 

Eucus. 

Paris. 

Tar. 

Barytes. 

Copper oxide. 

Gelatine. 

Lime, caustic. 

Rape oil. 

Tungstic salts. 

Bitumen, 

Cork. 

Glue. 

Lime, slaked. 
Litharge. 

Red lead. 

Varnish. 

Camphor. 

Cotton wool. 

■ Graphite. 

Sawdust. 

Zinc oxide. 

Casein. 

Dextrine. 

Guni»arabic. 

Magnesite. 

Shellac. 

Zinc salts. 

Chalk. 

Charcoal. 

Earth .s. 

Emery. 

Gutta percha. 

Murro. 

Soap. 

etc. etc. 


Table XLVI. — Indiarubbbr Compositions for various Purposes. 



A. 

B. 

C, 

D. 

E. 

F. 

G. 



Lb. 

Lb. 

Lb. 

Lb. ■ 

Lb. 

Lb. 

Lh. 

Rubber .... 


100 

100 

280 

280 

280 

280 

280 

Garnet shellac 


20 


... 





Calcined magnesia . 


20 

40-60 

... 




l« . 

Sulphur .... 


25 

20-26 

... 

... 



84 

Antimony pentasiilphide 


26 

40-60 



... 


• ■ i 

Coal-tar pitch 

Powdered emery . 



50-60 

1120 




1120 

Graphite 


... 


... 

512 

488 



Lamp-black . 

Zinc, white . 





64 

6S 

84 

... 

Yellow oohre . 




... 

! !!! 


1120 

... 


A., artificial whalebone ; B., plastite ; composition for grinding, 

sharpening, and polishing knives. 


Many of these substances find a useful application in special cases, others are 
chiefiy used in the making of mbher intended to take the place of 

indiarubber in the manufacture of cheap goods. 

Colouring and dyeing , — Maigne has made a siiecial point of summing up the 
facts known up to now. We. quote him as follows : “ Artificial tints are often 
given to rubber, so as to vary the appearance or to produce more or less artistic 
effects. This result is obtained in two ways : either by mixing the rubber in paste 
or in solution with mineral matter in impalpable powder, or by treating it after the 
manner of dyeing.” The powders the most frequently employed are the following : — 


Table XLVII. — Pigments used in Colouring Rubber. 


Colours Required. 

Pigments Used. 

Red ,. 

Orange red . 

Blue . 

White . ... 

Green . 

Yellow. 

Black . 

Vermilion, red lead, antimony sulphide. 

Mars orange. 

Ultramarine blue, Prussian blue, cobalt blue, indigo. 

Zinc oxide, zinc sulphide. 

Guignet’s green, chrome green, Scheele’s green, emerald green, 
verdigris, terra verte. 

Cadmium, sulphide orpiment, yellow oohre, chrome yellow, oxide of 
uranium, chromate of zinc. 

Ivory black (Le, bone-black), lamp-black (lead oxides and salts ^ give 
black lead sulphides with vulcanisation sulphur), seldom used. 


^ Black lead sulphide is often used as a vulcanising agent. It gives excellent results and 
increases the elasticity. 
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Dyeing ' metliods Iiave hitherto hardly been applied satisfactorily, except by 
means of alkanet root or aniline dyes. The incorporation of coloured linoleates 
— made by dissolving an aniline dye in a linseed-oil soft soap and precipitating 
by a suitable reagent — might prove an excellent method of colouring rubber. 
Unfortunately self-coloured metallic linoleates would not withstand the action 
of the vulcanisation sulphur. It is necessary, in fact, to work upon sub- 
stances which dissolve rubber, and these substances are not common. Light- 
foot has suggested to dye the rubber by previously covering it with a layer of 
gelatine, to act as a mordant. In one of his patents, Parkes speaks thus of the 
dyeing of indiarubber : — 

“In order to dye it black, it is heated for a quarter to half an hour in the 
following preparation : — -Sulphate of copper, 50 lb. ; water, 40 to 50 gallons ; 
ammonia or ammonium chloride, 50 lb : or boil the rubber in — bisulphate of 
potash, 50 lb. ; sulphate of copper, 25 lb. ; water, 40 to 50 gallons. In order 
to dye indiarubber green, take — ammonium chloride, 50 lb . ; sulphate of copper, 
51 lb. ; quicklime, 100 lb. ; water, 40 to 50 gallons. Boil for a quarter to 
half an hour. 

“ Oi/ier English receipts. — To dye black, boil a quarter of an hour to half an 
hour in the following bath: Copper -sulphate, 50 lb. j ammonium chloride or 
ammonia, 50 lb. ; quicklime, 50 lb. ; water, 50 gallons ; . or — bisulphate of 
potash ; 50 lb. ; sulphate of copper, 25 lb.; water, 50 gallons. Tor green, boil 
the rubber for a quarter to half an hour in the following bath : — Sal-ammoniac, 
50 lb. ; sulphate of copper, 25 lb. ; quicklime, 100 lb. ; water, 50 gallons. 
For lilac, boil a quarter to half an hour in — sulphate of potash, 500 lb. ; 
sulphate of copper, 125 lb. ; sulphate of indigo, 125 lb. ; water,. 500 gallons. 

“ Whatever process is used, care must be taken to guard against using poisonous 
colours for objects intended to be frequently handled, such as children’s playthings, 
or to be brought in contact with our respiratory organs. Such are those into 
which copper, lead, mercury, and arsenic enter. In such cases it is absolutely 
necessary to use harmless colours, such as those in Table XLVIIL We may 

Table XLYIII. — Harmless Pigments that may be used in 
Colouring Rubber. 


Colour. 

Pigment, 

Blue 

Indigo, ultramarine. 

White 

Non-arsenical zinc oxide. 

Red 

Cochineal and lakes, archil. 

Yellows 

Persian berries, quercitron, turmeric, fustic and lakes, 
yellow wax, chromate of zinc or magnesia.^ 

Guignot*s green ; mixtures of above yellows and blues. 

Green 

Black 

Carbon in all its forms. 

Lilac 

Mixtures of ammoniacal cochineal and ultramarine. 

Brown 

Terra di Sienna and lamp-black. 


also mention the eosin lakes. As is known, these beautiful colouring matters 
are the result of the combination of eosin with oxide of zinc.^ Added to 
chromate of zinc, in different proportions, they yield bright colours, which may 
replace red lead and chrome yellow. Finally, with ultramarine they form more or 
less intense violets. All these colours perfectly resist light and heat. They may 
be incorporated in the rubber paste, then submitted to the temperature necessary 

^ Poisonous salts of lead, tin, antimony, and barium are often used in precipitating lakes of 
all colours ; such lakes are of course poisonous, and chromates as a class are far from innocuous. 

2 In Great Britain, at any rate for paint purposes, the eosin is most generally in the foim 
of eosinate of lead. 
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for vulcanisation, witliout undergoing the least alteration.” As to the coloration 
of ebonite, sufficient details have been given at the end of the chapter devoted to 
that substance, so that there is no necessity to revert to the subject. 

The toxic action of zinc oxide on r ubber teats, etc. — To terminate this paragraph, 
and not to be under the necessity of returning to the question of the toxic sub- 
stances often entering into technical mixtures, let us recall that Tollens has collected 
a certain number of facts which prove the unwholesome influence of tubes, teats, 
ends of sucking-bottles, joints, etc., loaded with a notable quantity of oxide of zinc. 
He also thinks tliat the rubber employed in dental surgery is not always exempt 
from defective composition in this respect. In support of his statement he quotes 
the composition of a white rubber employed by certain dentists : — 


Table XLIX. — Composition of Robber used by certain Dentists 

(Tollens). 


Substance. 

Per cent. 

Oxide of zinc 

43*96 

Chalk 

0*62 

Oxide of iron 

traces 

Sulphur 

26*60 

Rubber 

28*82 


100-00 


Vermilion also enters sometimes into such mixtures, but this substance is 
possibly the most innocuous of all mercurial compounds. 

Methods of analyses of indiarubber. — ^No one had taken the trouble to give a 
scheme for the analysis of either raw rubber or of vulcanised rubber, until 
Heinzerling in 1883 attempted the undertaking. His work, unfortunately, is not 
complete ; and if he omits certain details, such as the determination of oxidised 
rubber in commercial raw rubber (an important point), he nevertheless 
insists on certain analytical processes in the analysis of transformed TObbers 
which prove absolutely nothing if they remain isolated and not co-ordinated 
“with others. Thus the determination of the density of vulcanised or mineralised 
rubber, without a qualitative analysis at least, has no signification; a technical 
rubber may be mixed, not only with cork dust, but also with barytes. 
The density of the first, therefore, may be as near as possible to the natural rubber, 
whilst containing a much smaller quantity of real rubber than a second sample of 
greater density but with a much higher proportion of real rubber. Heinzerling 
states that it answers very well for determining approximately the quantity of 
mineral matters which enter into a mixture, but owns that it is not conclusive, as 
it gives no information as to a mixture in which the rubber has lost a portion of 
its properties by an addition of substances equal to or lower in density than 1*0, 
or even when, by these same additions, the mixture has acquired a greater bulk 
than that of genuine vulcanised rubber. ■ The following additions require special 
mention: boiled linseed oil, and other fatty derivatives, paraffin, etc., the use of 
which in this industry tends daily to become greater. It is difficult to discover the 
presence of one of these bodies by qualitative analysis. As to the exact determination 
of the quantities used, Heinzerling finds the difficulty insurmountable. E. Donath, 
in 1887, was engaged in the same land of work, but more especially in regard to 
vulcanised rubber. Availing ourselves of the researches of the scientists who have 
investigated the matter, and completing thein when there is a possibility of doing 
so, we shall attempt to establish as complete a method of general application as 
the actual state of science will allow. Not that we are the victims of any great 
illusion, but few of these scientific determinations are made, either in the trade 
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or in the industry generally. If it be a question of raw materials, the 
buyer generally trusts to his own experience ; he judges the rubber de 
visto, and should he be wrong a hundred times he will hot own to it until it is too 
late. Should he, on the other hand, be free from these preconceived ideas, he 
would not always have the time to have recourse to the intervention of the chemist, 
and, before the analysis of a given lot was finished, it would be in the hands of his 
rivals. As far as finished products are concerned, the buyer trusts to the reputation 
of such and such a firm in the purchasing of any given article. Analysis is a long 
and costly process. Why, then, should he resort to it when he knows the skill and 
the probity of the maker ? To the manufacturers who wish to transform the 
raw material into manufactured articles under such conditions that they may 
advantageously sustain that pacific but continual struggle without truce and without 
mercy, which is called conapetition, whether local or foreign, a method of analysis — 
as simple and rapid as possible — ^is of the utmost importance. 

Analysis of commercial crude rubber. — In the synthetical Table of the principal 
varieties of commercial rubber, to be found at the end of Chapter IV., a few 
columns are devoted to the principal physical properties characteristic of each 
variety. This summary information certainly has its value, but it is not 
sujQScient to guide and inform the manufacturer exactly as to what uses he 
can convert any given lot of rubber. What, then, are the i^rincipal points on 
which he niust be enlightened The answer is short and precise. 

Points to be determined and elucidated. — 1. Moistm'e. — The quantity of 
interstitial water in the pores of the rubber, and whether it does not exceed the 
normal quantity. 2. Extraneous mimrod matter. — The quantity of inert mineral 
matter, whether incorporated accidentally or intentionally. 3. Extraneous organic 
matter. — The amount of extraneous organic matter of the same origin as the 
mineral matter. 4. Extraneous matter introduced by method of coagulation. — The 
quantity of foreign bodies, whether organic or inorganic, the presence of which is 
chiefly due to the methods of coagulation. 5. Oxidised rubber. — The quantity of 
oxidised rubber, that is to say, rubber which has lost the properties indispens- 
able to its industrial use. 6. Ash. — The quantity and nature of the ash which a 
given weight of substance may yield on incineration. 7. Resistance %o strain. — 
The total resistance yielded by the sample under a determined strain. 8. Micro- 
scopical examiTiation, — A. microscopial examination may, on the other hand, 
complete this analysis, and yield information in regard to the origin of the rubber 
which direct analysis can only with difficulty afford. 

Sampling. — The great difficulty in testing rubber lies in getting a fair average 
sample. The method which appears to us to give the best possible results is as 
follows : (1) To take different samples from different parts of the inside as well as 
the outside of the cakes or blocks to be analysed. (2) To shred and roll these 
sufficiently, and to take from the few samples at different points so as to get a fair 
average sample. 

Determination of interstitial moisture. — This operation is delicate, because 
rubber, even the purer kinds, always contains in its pores some 5 per cent, of 
water, which we shall call the normal quantity, which is not eliminated, even by 
prolonged drying at 100" C. (212° F.). The sample, reduced to as thin a sheet as 
possible, by passing through cold rolls, is weighed, then laid upon a watch-glass and 
dried in the hot-air oven between 110° and 120° 0. (230° and 248° F.), until it 
ceases to lose weight. By taking a few precautions, the total interstitial moisture 
may be thus determined in about two hours. ^ Two watch-glasses, ground so as to 
form a hermetic joint, and capable of being bound by an indiariibber band, are 
used. The rolled sheetlets of rubber are i>laced on one of these glasses, and so taken 
to the oven. After the lapse of an hour, the sample is taken out along with the 
glass, and, after being covered with the second glass, the caoutchouc ligature is put 
in position, and the whole cooled in a desiccator and then weighed. The processs 
is gone over again until no further loss in weight occurs. The loss in weight P 

^ Gypsum {Terra alba) loses its water of crystallisation between these temperatures. — Tb. 
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constitutes tlie total moisture. By deducting 5 per cent, of normal water present 
in every rubber of whatever kind it may be, we then get — 

Water = (P — 5 per cent.). 

The sample so dried is i)ut aside for future use. 

Determination of inert vegetable and mineral matter. — For the determination of 
fragments of wood and stones of a certain size, often met with in certain blocks, 
quantitative analysis is not practicable, and the examination of sections of several 
blocks, by the naked eye, is sufficient for any practical man however little 
experienced. It is only the amount of sand, clay, and vegetable debris, so minute 
as to escape detection de vim^ that is now in question. Ten grammes of rubber, 
laminated as described, are dissolved in spirits of turpentine or in benzol at 40“ to 
55“ C. (104“ to 131“ F.). The insoluble is collected on a filter, washed several 
times with the same vehicle until no rubber is left on evaporation. The residue 
is dried and weighed. The difference in weight gives the total organic and in- 
organic matter in the sample. By incinerating the residue in a suitable manner, 
the quantities of organic and mineral matters are obtained separately, by difference. 
If, however, only the weight of the mineral matter be required, simple incineration 
of the rubber in a ifiatinum crucible is sufficient. But to obtain a mineral ash, 
perfectly exempt from carbon, produced by the incomplete combustion of the 
organic matter, a few pinches of nitrate of ammonia must be added, with infinite 
precaution, to the red-hot mass after prolonged ignition, slightly inclining the 
crucible. The results obtained by this second summary method are not strictly 
accurate ; the total ash would include alum, common salt, etc., from the coagulation 
I)rocess, besides mineral residues originating from the intimate constitution of the 
rubber itself j the latter may be neglected, unless it be a question of determining 
by analysis the exact origin of a certain kind of rubber. 

• Determination of ths organic and inorganic matter derived from the process oj 
coagnlaticni. — To determine the total organic, or inorganic, acid, or saline matter in 
the rubber being analysed, the dried rubber used for the determination of moisture, 
and the percentage of moisture in which is therefore known, is boiled in asmallfiask 
for a long time with distilled water. The substance, after filtration and repeated 
washing, is dried in the hot-air oven, with the same precautions as formerly, and 
finally weighed \ the loss in weight gives the soluble matter, and this loss F will 
be, if we represent the loss in water by (P - 5), the initial weight by C, and finally 
the weight actually found by C', 

F = C--(C' -(P-S)). 

A qualitative examination of the wash water, added to the water in which the 
rubber was first boiled, will give information as to the mixture of acids and salts 
eliminated. 

Determination of the oxidised rubber. — This determination, very important 
with certain kinds highly charged with this substance so prejudicial to the nerve of 
the rubber, is made thus : A weight is taken equal to that taken for the estima- 
tion of the water, and treated with boiling 90 per cent, alcohol for half an hour. 
The residue is thrown on a filter, washed repeatedly with boiling water, then 
placed as formerly in the hot-air oven and dried at 120“ C. (248“ F.), until it 
ceases to lose weight. If we represent the oxidised rubber by P" and the weight 
found by C", we get — 

P" = C-(C"-(C'-(P-5)). 

The evaporation of the alcohol liquid and its suitable treatment will, moreover, 
furnish indications as to the nature and, if need be, the quantity of the substances 
so eliminated. . •• • 

Analysis of vulcanised rubber. — From the phenomena observed in the 
study of vulcanised rubber Douath enunciates the following law : — The value of 
vulcamised rubber articles is perceptibly proparticmal to the rubber content^ and 
dependent upon the ratio between rubber a'tid the quantity of sndphwr <yr metallic 
sulphides used in their vulcanisation. — Suppose we call (1) the value of the rubber, 
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V j (2) its percentage of sulphur, S (3) its percentage of mineral or organic 
matter, E, we get — 

S 

To determine the elements of V, therefore, a simple proximate chemical analysis 
is sufficient, and it is only in special cases that we have also to examine the 
elasticity and resistance of the rubber. 

Donath’s law is too absolute (Dr. Lobry and Van Leeiit {Ghemilcer Zeitung^ 
1894 P- 309)) : it presupposes the identity in properties of the rubber employed in 
these different articles— a very doubtful supposition, even if the resins in different 
quantities and of diverse qualities which accompany natural rubbers of different 
origin be eliminated. Practice shows that two rubbers prepared from the same 
raw rubber, the one, however, containing 3 and the other 6 per cent, of sulphur, 
may be equally good, although, according to Donath’s law, the first sample ought 
to be of double the value of the second. 

1. Specific gravity — A&h . — The opinion exj^ressed by the generality of specialist 
writers that the knowledge of the specific gravity of manufactured rubber is a 
powerful factor in its valuation has already been refuted. A density lower than 
from 0*926 to 0*948 does not decisively show the good quality of a rubbei*. Saw- 
dust and cork raspings, far from weighting this substance, on the contrary lighten 
it, and nevertheless these substances are classed with the most injurious additions. 
Ten per cent, of vermilion or of calcium fluoride influences the density in quite an 
opposite direction to that of an equal quantity of talc or magnesia, etc. It is well, 
however, to know in certain cases the density of the substance to be analysed. It 
may, up to a certain point, aid in the valuation, but only where the mineral 
substances added are not vulcanising agents like vermilion, sulphide of antimony, 
etc., because such agents increase the density much more than talc or other 
lighter mineral substances, and yet, far from injuring, they almost always improve 
its quality and increase its durability. To determine the density of a sample of 
rubber by the picnometer (a modification of the classical specific gravity bottle), 
the sample is divided into small thin strips of equal length ; after being weighed, 
they are boiled with water in the ajDparatus, which is first tared empty and then 
weighed full of water so as to get rid of the air-bells which adhere rather strongly 
to certain places. Many samjDles which float on the surface of the water fall to 
the bottom after the operation. This done, the picnometer is again filled with 
water to the mark and . again weighed ; the increase or decrease in w'eight is 
obtained by simple calculation. An example will render this simple operation 
easily understood — ^ 

Table L. — Showing a Typical Result in finding Density of Rubbee, 
WITH Necessary Calculation. 


Suppose the weight of the empty picnometer to be 10 grammes\weight of picnometer full, 
,, w*ater to fill it ,, 100 ,, / 110 grammes. 

,, „ rubber „ 6 „ 

And finally the weight of the picnometer contain- 
ing the rubber, and filled with water, to bo 111 „ 


The rubber having therefore replaced the water, has given an increase of 1 
gramme. Dividing the absolute weight of the rubber (5 grammes) by the weight 
of the water displaced, that is to say, 4 grammes, the density of the substance tested 
will be ^ = 1*250. Heinzerling^s, approxmiate method , — Heinzerling uses a more 
rapid and simple but less exact method, which should be of use in factories. He 
prepares a series of test-glasses on feet filled with liquids of gradually and uniformly 
increasing density. He uses for this purpose various solutions of calcium chloride 
up to a density of 1*40. As calcium chloride is insoluble in water after that 
15 
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density has been reached, his density experiments did not go beyond that. He in 
that way established the following scale : — 

Table LL — Scale of Densities and Formula of Saline Solutions for 


Determining Density of Rubber (Heinzerling). 


Test-Glass oii Foot. 

Density. 

“Twaddell. 

1. Distilled water 

0 


2. Water and calcium chloride .... 

1’025 

5 

3. „ ,, .... 

1-050 

10 


1-076 

15 

,, jj .... 

1-100 

20 

6. „ ,, .... 

1-125 

25 

/. ,, ,, .... 

1-150 

30 

8. ,, • 

1-175 

35 

9. ,, ,, .... 

1-200 

40 


He determines tlie density of rubber by dipping a sample into each test-glass in 
rotation, and observes, after a little time of contact, when all the air-bells have 
disappeared from the sections of the sample, in which of the solutions the rubber 
floats between two liquors without going to the bottom. The specific gravity of 
the liquid in which it floats is the same as that of the rubber tested. Tests, 
made in Belgium, on tubes of different quality, gave the following results by 
the picnometer 


' Table LII. — Showing Influence of Percentage of Ash on Density 

(Heinzerling), 



Prime Quality. 

Low Quality. 

Density 

Ash 

0-99-1-20 

2-83-25 per cent. 

1-26-1-62 

84'30-38'60 per cent. 


The ashes of low qualities consisted chiefly of chalk and the oxides of zinc and 
iron. This latter oxide dominates in red-coloured tubing. Reinhardt gives the 
following results : — 


Table LIII. — Showing Influence op Percentage of Ash on Density 

(Reinhardt). 



Sample I. 

Sample II. 

Density 

Ash 

1-480 

63*57 per cent. 

1*958 

62*66 per cent. 


The ash consisted chiefly of fluor spar and zinc oxide. Donath gives his own 
analyses — 


Table LIY. — Showing Influence of Percentage of Ash on Density 

(Donath). 



White Gas 
Tubes. 

(ft.) 

Red Tubes 
of Excellent 
Quality, 
(j.) 

Red Tube.s 
of Average 
Quality. 

(c.) 

Red Balls 
Half Full. 

(a-) 

Density 

A.sh 

Predominant substance in the ash 

I-012 

6-62 

Zinc oxide. 

1-134 

8-14 

Sbjj 04 

1-089 

n-72 

Vermilion. 

1-133 

21-86 

Vermilion. 












CONSIDERATIONS ON MINERALISATION, ETC. 227 


The density of the product therefore does not depend solely on the nature and 
the amount of additional substance, but also upon the method of vulcanisation and 
the mechanical process by which the mineral substance is incorporated. 

Amiher aimlysis — 

^ Table LV. — Showing the Influence of Percentage of Ash on 


Density (Donath). 



Indiarubber Sheet or Foil. 


/. 

Density 

Ash 

Predominant substance in the ash 

1*566 

56*08 

Chalk and gypsum. 

1*488 

72*10 

Oxide of zinc. 


In / the ash retained the shape of the small cubes of the cut sample, 

N’,B , — Rubbers having a greater density than 1 *3 should invariably be regarded 
as Idefective, because they contain not less than 25 per cent, of mineral matters 
which lower their value. 

2. BstknMion of mineral additimis . — Direct calcination always yields erroneous 
results (Donath). - Thus vermilion in admixture will partially volatilise on calcina- 
tion,^ whilst carbonate of lime will decompose. It results from this want 
of precision that the operation is not always an easy nor a simple one. The 
following is an approximate method of estimation : — From 4 to 1 gramme of the 
sample is cut into thin strips and steeped in a solution of ammonium nitrate, 
and the strips, previously dried, are thrown one after the other into a porcelain 
crucible lying almost horizontally on the flame ; the crucible is, moreover, brought 
to a red heat before commencing the incineration. If it has been previously 
ascertained by qualitative analysis that the substance is not very highly charged 
with lime, the calcined product may be weighed directly ; but if the ash is likely 
to contain much free lime it is moistened with a concentrated solution of 
ammonium carbonate and heated slightly before weighing. Reinhardt treats the 
rubber with boiling nitric acid to dissolve organic matter, and, after evaporating 
the liquid to dryness with hydrochloric acid, he estimates according to the ordinary 
classical methods the oxides of zinc, calcium, magnesium, etc. This evidently 
more exact but too long process is not usually necessary: the approximate 
percentage which is determined from the weight of the suitably prepared ash gives 
indications which are always sufficient to decide as to the value of the sample 
examined. Donath found a minimum of 6*62 per cent, ash in a gas tube, and 
72*21 per cent, in a “washer.” Donath gives the following order of frequency for 
the different mineral substances added — chalk, oxide of zinc, gypsum, fluor spar, 
talc. He has never found oxide of iron in appreciable quantity. 

Estimation of mlphide of merawry , — ^Weigh out from J to 1 gramme of the 
sample, reduce to a fine powder by the grater, or cut into small fragments, and 
treat in a precipitation flask, which wiU stand heat, with 30 c.c. of ordinary nitric acid, 
and heat until bright red fumes cease to be disengaged. The hydrocarbide is 
entirely dissolved, the vermilion remains intact. The clear liquid is decanted after 
cooling, and the residue washed two or three times with nitric acid. It would not 
do to immediately wash with water, as long as there remains any hydrocarbide 
dissolved in the acid ; in contact with water it would be precipitated, and become 
mixed with the mineral residue. The, residual sulphide is run into a tared glass 
vessel, washed with water, dried at 180” C. (212® F.), and weighed. Vermilion 
can nearly always be detected in a mixture by the bright coralline red colour 
which it imparts to the rubber. Rubber vulcanised by vermilion is almost always 

^ Genuine vermilion by itself is practically completely volatile, leaving only an infinitesimal 
ash. — ^Tn. 
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heavier than water. Donath found 11 '72 per cent, in gas tubing, 21*8 per cent, 
in a half-filled ball These two samples were excellent quality rubbers which had 
preserved both elasticity and pliancy for several years. — TJie fre&h sectwn oj’ 

this rvhher shows an amount of adhesiveness not met %uUh in rubber vulcanised by 
any other process. 

Estimation of antimiony mlphide. — Rubber of not so deep a red colour, or of 
a brown red, generally contains antimony sulphide. It is used alone (Unger), but 
it is now generally replaced by a solution of sulphantimoniate of lime, hyposulphite 
of lime, and polysulphide of lime. This mixed solution is precipitated by sulphuric 
acid. The product so obtained is a mixture of golden sulphide of antimony, 
sulphate of lime, and free sulphur in variable proportions. 1. Unger^s method . — 
The best method of estimation is that of Unger : Heat 1 *5 gramme of the finely 
divided sample in a capacious porcelain crucible with 10 grammes of crystallised 
sodium sulphide, moderate heat until intumescence ceases, and heat gradually to 
dull redness. After cooling, the residue is extracted from the crucible by distilled 
water, filtered to separate the charcoal produced by incineration of the organic 
matter, and the filtered liquid is precipitated by hydrochloric acid (HCl). The 
antimony sulphide and the sulphur is collected on a double tared filter, dried and 
gently calcined in a double crucible, until the sulphur is completely dissipated j the 
weighed residue constitutes the antimony sulphide. 2. Alternative method. — The 
sulphide of antimony and sulphur are dried until of constant weight, a known 
quantity is taken and converted into Sb 204 . 3. Another method. — Or, better still, 

if there, be not much antimony sulphide : wash by decantation, passing the wash 
water through a filter, redissolve the precipitate in ammonium sulphide, with the 
addition of a little warm ammonia. This liquid is passed through the same small 
filter which has been used to collect the antimony sulphide carried along during 
decantation ; it contains all the antimony sulphide. It is gently evaporated in a 
porcelain crucible, and the sulphide finally converted into oxide Sb 205 . In an 
excellent quality rubber, used in making laces and thread, 11*80 per cent, of 
antimony sulphide was found. Articles vulcanised by antimony sulphide, recog- 
nisable by their brown brick-red colour, and often sold under the name of supple 
rubber, are generally regarded as of excellent quality. They not only exhibit 
remarkable suppleness and elasticity, but are very durable. Samples preserved for 
eight years were intact in regard to quality. But these are precisely the dearest 
kinds of rubber. 

Estimation of the total sulphur — JOonath^s original method, — This is an element 
important to estimate. Donath firstly estimated it (in this instance rubber not 
loaded with any sulphate, such as gypsum or barytes) thus : — He took a gramme 
of the substance finely divided either by rasp or file, and heated with nitric acid 
until no more bright red fumes were evolved j he evaporated the solution to dry- 
ness with hydrochloric acid and chlorate of potash, dissolved the residue in hot 
water, acidulated with hydrochloric acid, and he precipitated in the filtrate the 
sulphuric acid as barium sulphate. The organic bodies from the oxidation of the 
rubber are partially precipitated by dilution, and render filtration difficult and 
tedious. Donates improved pyrocess. — Donath, therefore, adopted Eschka^s process 
for estimating sulphur in fuel, but, owing to the difficult combustion of rubber, he 
added to his oxidising mixture, magnesium nitrate, in addition to ammonium 
nitrate. He intimately mixes— I 


Table LVI. — Donath’s Mixture iron CALCimNG Rubber for Ash 
Determination. 


Finely divided rubber 

0'5 to 1 gramme. 

Calcined magnesia 

1 gramme. 

Nitrate of magnesia 

1 » 

Nitrate of animouia 

1 

Carbonate of soda 

1. » 

i 
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He i:)laces this mixture in a tall narrow crucible, and covers it with a layer of 
the above mixture. The crucible, fixed obliquely, almost fiat, is at first heated on 
the upper portion, then gradually towards the bottom, and the heating continued 
to redness. Its perfectly white contents are extracted, with about 300 grammes of 
hot water, the solution filtered, acidulated by hydrochloric acid, and precipitated 
by barium chloride. By this method there is estimated, along with the sulphur 
used in vulcanisation, that present as gypsum or barytes, etc. To get the vulcanisa- 
tion sulphur, the latter substances must be estimated. Unger'^s Total 

sulphur is determined by fusing about 0-5 gramme of the sample divided into 100 
pieces, with a mixture of 12 per cent, of copper oxide and 2 grammes of sodic 
carbonate. This method is likewise to be recommended. . 

BstiTnation of milcanisation sulphur only — Eeinhardt^s process. — The samj)le is 
intx’oduced into a hard glass tube, closed at one end and enlarged about its middle. 
The open extremity is drawn out over the blowpipe and closed. The portion of 
the tube containing the rubber is heated over the naked flame, the vulcanisation 
sulphur distils and condenses with the other dry distillation products in the blown- 
out portion of the tube. The sulphur is then estimated by one of the known 
processes. Precaution : — A portion of the vulcanisation sulphur may very well be 
retained in the state of sulphite by the oxide of zinc, or by the chalk, and thus 
escape distillation and estimation. No method for direct determination of vulcan- 
isation sulphur is known and only a more or less approximate estimation can be 
made of the proportion in certain cases by means of an indirect calculation. The 
author ^ obtained the following results by Eschka's process : — 

Table LVIL — Results Obtained in Calcining Rubber by Eschka’s Process 
FOR Determination op Mineral Inorganic Ingredients. 


Rubber for stoppei’s-^ 


Rubber for joints 


{ 

u.{ 

■ •{ 


Rubbers (two) oontainiiig 
vermilion 


Ash . . 25 ’85 per cent. 

Sulphur . 6*47 

Ash . . 23*78 „ 

Sulphur . 7*21 ,, 

Ash . . 60*08 ,, 

Sulphur . 5*48 ,, 

'Vermilion .... 
Sulphur calculated on 6 per 
cent, of vermilion 
.Total sulphur found directly 


Consisting principally of chalk, 
magnesia, and silica. 


Gonststing of zinc oxide and 
chalk. 

11*72 per cent. 21*86 per cent. 

1*61 „ 3*01 „ 

1*90 „ 3*28 „ 


From the two last analyses, these two rubbers appear to have been vulcanised 
by vermilion alone, which would accord with the function of vermilion as a vul- 
canisation agent. This is a very serious argument against the theory of chemical 
combination between sulphur and rubber through the medium of metallic sulphides. 
Because, by dissolving with nitric acid, the rubber gives up all its vermilion as 
such, and consequently also the total of its sulphur, which could not be the case if 
a portion of the sulphur had entered into chemical combination with the rubber. 
By the following process we can ascertain the amount of vulcanisation sulphur, 
roughly it is true, but near enough in most cases. One gramme of rubber, of 
which the percentage of sulphur is known, is cut up and boiled for a certain time, 
half hour to one hour, with caustic potash of average concentration {Sp.g.) = T2. 
The sample to be tested is treated in exactly the same manner at the same time. 
The liquors are decanted and brought to the same degree of concentration, and 
1 c.c. of a solution of lead acetate is added to each. The respective amount of 
sulphur present in each is judged from the relative abundance of the black pre- 
cipitate in the two glasses. Rubbers vulcanised by metallic sulphides cannot, of 
course, be so tested. The two samples containing vermilion, the analyses of which 
are given above, only yielded, when acetate of lead was added to their alkaline 

^ ? Reinhardt. — Tn, 
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decoction, a faint brownish tint — a fact which supports what has been said in i, 

regard to vulcanisation by vermilion alone. 

Estwwbtion of ammonia, — This substance is only i^resent accidentally in the 
composition of trade mixtures when it is required to prepare a porous and spongy 
substance. Incineration eliminates it totally. It may be detected by treating a 
fragment of the substance to be tested with a little quicklime. Ammoniacal salts 
are detected by the disengagement of ammonia, the smell of which is characteristic. 

It is easily estimated, quantitatively, by Will and Warrentrap’s process. 

Examination of the action of concentrated alkaline solutions and solvents, — It 
is often necessary, in testing rubber, to treat it with concentrated alkaline solutions 
and solvents. If the rubber contains a fat, resin, or paraffin, all of which approach- 
ing rubber in density and the presence of which cannot be detected by taking the 
density, recourse is had to a solvent like spirits of turpentine, or to carbon sulphide 
to which 5 per cent, of alcohol has been added. By digesting the finely divided 
sample for several hours in one of these solutions, heated from 60° to 70° 0. (140° 
to 158° F.), fatty substances unattacked by vulcanisation, resins, and paraffin dis- 
solve before the rubber, which' remains as a residue. If the solvent be evaporated 
after sufficient digestion, a residue is obtained containing, along with a small i 

quantity of dissolved rubber, the whole of the above-named substances. When the 
residue is treated with caustic soda solution, the resins and fats are saponified, 
leaving a residue of unsaponifiable paraffin. A more exhaustive examination of 
the fats is hardly possible, and, moreover, is only of secondary interest. Again, 
paraffin may be detected in the product evaporated as above, by treating it with ,| 

benzol or carbon disulphide, in which it dissolves more rapidly than fats and ' 

resins. 

In spite of the drawbacks which will always exist in methods of separation 
of substances of the character of those by which rubber is sophisticated, it will be 
seen from the following results of an analysis of a sample of known composition 
that information of real value to th^ manufacturer is obtained by what is called the j 

solution method of indiarubber analysis. 

The sample, a grey vulcanised rubber, was made from the following mixing : — 

Table LVIII.— Mixture used in Making Typioal Vulcanised Rubber 

FOR Analysis (Grimshaw). I 


Native rubber 

8 lb. = 13‘3 per cent. 

Kecovered rubber (para No. 12) . 

3 = 6*0 ,, 


, 12 „ = 20-0 „ 

Zinc oxide 

8 

Wkitiug 

20 

Magnesia 

2 }-= 69-2 „ 

Litharge 

5 „ 

Lime 

! i J 

Sulphur 

14 = 2-5 „ 


1 80 100-0 


Table LIX. — Classification op Ingredients in Table LVIII. 


(»•) 

Per cent. 

Indiarubber 

31*8 

Mineral matter 1 

65*7 

Sulphur 

2*6 


100*0 
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Turning to the percentage composition of the sample as determined by analysis, 
we get — 

Table LX. — Result op Analysis op Vulcanised Mixture op 
Tables LVIII. and LIX, 


^ (i.) 

Per cent. 

Indiarubber 

22-66 

Resins, oils, and bituminous matter , . 

8-97 

Mineral matter 

65-9 

Sulphur ........ 

2-48 


100-00 


The analysis, as calculated from the mixing is really as follows : — 

V.- Table LXf— A nalysis Calculated peom above Tables. 


(e.) 

Per cent. 

Tndiarubber 

27-7 

Resins 

4-10 

Mineral matter 

66-70 

Sulphur . . , 

2-6 


100-00 


Comparing the found (b) with the calculated (c) there is 4*87 per cent, more 
resins, etc., shown by the analysis than originally existed in the mixing. Some 
of this discrepancy is no doubt due to the want of absolute 
accuracy in the process, but even the highest grades of rubber 
are by the heat of friction during mixing, and action of the 
ingredients during vulcanisation subject to the formation of a 
small percentage of soluble resinous and bituminous bodies as 
shown in the figures just discussed. 

Testing by mechanical strain , — In certain cases it is desir- 
able to make a mechanical resistance test — traction, compres- 
sion, bending, and breaking strain. In the special chapter 
the physical and chemical properties of vulcanised rubber, the 
interesting work of Btewart on the resistance to elongation and 
compression of vulcanised rubber has been summarised. As 
the apparatus which he used for these elongation experiments 
was very simple, and within reach ’of every manufacturer, it 
will be useful to give an illustration of it (Fig. 91), which 
indicates the arrangement which the shape of the bands tested 
allowed to be adopted, so as to avoid, as far as possible, fraying 
the surface of the rubber and the rounded sections ; the iron 
hooks between which the band is caught are polished. One of 
these hooks is fixed to a solid crosspiece, the other carries a 
jjlate to support the weights. The lower plate and its hook 
are balanced so as together to weigh 1 kilogramme (2*2 lb.), 
the weight of the rubber itself is quite neglectable. Under a 
certain load the indiarubber band is at first round, then, 
elongating itself, its two sides become straight and parallel, 
have to be marked on each side of the ring giving the exact length of a portion of 
the band comprised between the two hooks. This is done by pressing the unloaded 
ring between two rules until the two sides touch, and drawing with ink two fine 
marks, starting from a given point, which is the initial length of the band being 



Eio. 91.— Apparatus 
for elongation ex- 
periments. 

Two datum lines 
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tested. By working so, and measuring, after each addition of weight, the vertical 
distance between the two divisions, all error arising out of the friction of the 
rubber, or its lamination on the hooks which sustain it, is avoided. During the 
whole course of the experiments the teinperatoe ought to be as constant as 
possible, varying between + 14° and + 16° C. (57*2° and 60*8 F.). 

Stewart also used a more complicated apparatus to determine the breaking 
strain, consisting of an English balance for test sjnings of every nature at the 
arsenal (Stores Dej)artment) of the Belgian Railways at Malines. A A are the 
bands to be tested, previously well measured. A single piece, or several pieces, 
with intercalated iron plates, were used according to their height. B is an iron 
screw, turning in a bronze nut, fixed on the cast-iron framework of the apparatus ; 
it is terminated (1) by a large fly-wheel, with six arms, the circumference of the 
felly of which is divided into thirty-six equal parts; and (2) by around head 



Fio. 92. — Apparatus for determining the breaking strain of indiarubber bands. 


which advances without turning, thanks to two claws, C C, sliding on the frame- 
work. The bands are held between this head of the screw and a strong wooden 
crosspiece D covered with iron plate. This latter, receiving in its centre all the 
effort of pressure, transmits it by means of the two levers E E, mounted on steel 
knives, to the large elbow lever F, the large arm of which carries two different 
running weights and two corresponding graduations. One of the running weights 
weighs 10*4 kilogrammes (22*88 lb.), and allows a force of 1500 to 3300 kilo- 
grammes (3300 to 7260 lb.) being inpduced; the other, G, weighs 32*2 
kilogrammes (70*84 lb.), and allows of ' pressures on the crosspiece varying 
between 2100 and 7000 kilogrammes (4420 and 15,400 lb.) being measured. A 
great difficulty was encountered in measuring exactly the thickness of the reduced 
rubber; to surmount it with the greatest precision possible. Stewart counted the 
number of divisions through which the fly-wheel was turned, and deduced from 
the path of the screw the amount of the compression the bands underwent, so that 
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the apparatus showed each time in its iDosition of equilibrium the large lever raised 
to the horizontal position marked on a fixed index. The screw, 37 thi*eads 
on a path of 470 miUimetres (18*471 inches); the thread was therefore 12*7 
millimetres (say ^ inch), and for one thirty-sixth or one division of the fly-wheel 
the head advanced 0*353 millimetre (say -^^^nd of an inch). The aj^paratus so 
transformed into a gigantic sj)herometer, was precise enough to estimate the 
depression at each weighing to about a division, ^.e., with an approximation of 
3 to 4 tenths of a millimetre. 

Resistance to bending , — For tests of resistance to bending to the point of rupture, 
no special apparatus is in existence. Heinzerling thinks that it would be possible 
to test rubber for this, as is commonly done with leather, provided that in 
adapting the rubber bands to the bob of a pendulum a sufficient to-and-fro move- 
ment could be produced to cause rupture. In fact, if the manner in which the 
samples behave to the point of mixture be observed simultaneously with the sj)eed 
of the pendulum, sufficient data should be got to appreciate the resistance of the 
object to a bending strain up to the point of rupture. It must not be forgotten, 
if exact comparative results be desired, to attach the samples to the pendulum so 
that the bending is always and in every sense produced under the same angle. 

Resistance to heat , — According to Dr. C. A. Lobry and F. H. Van Leent {loc, cit,\ 
the British navy has used for a long time a very simple method for testing the value 
of indiaruhher. The objects are submitted to a dry heat of about 135° C. (275° F.), 
and to moist heat in water of about 170° C. (338° F.). Heat acts very differently 
on pure good quality rubber from what it does upon inferior kinds containing a 
greater or less proportion of natural resin, or on the qualities mixed with simrious 
rubber and other adulterants. Para, pure or mineralised, and suitably vulcanised, 
resists this test for two to four hours without a too marked destruction of its 
original qualities. But inferior sorts present little or no resistance at all to the 
action of heat, become brittle, tacky, lose their elasticity, etc. The loss of weight . 
of rubbers exposed in thin sheets for one or three hours to a dry heat of 135° C. 
(275° F.) hardly reaches the figures shown below in the case of good qualities — 

Table LXIL — Loss Sustained by Rubbers Heated for 5 "Hours to Dry 
Heat of 135° 0. (275° F.). 


Name of Rubber. 

Loss after 
One Hour. 

Loss after 
Three Hours. 


Per cent. 

Per cent. 

Para 

0*16 

0*25 

Mozambique 

0*20 

1*30 

Borneo 

1-70 

3*90 


Kissling^s comparative method of anxilysis, — Kissling in his detei'mination of 
commercial vulcanised rubber, looks at the matter from quite a special point of 
view. After an impartial resume of existing literature, he claims that in the 
analysis of vulcanised and manufactured rubber the uses to which the object is 
to be put ought to be taken into consideration. A joint for water pipes ought 
to have different properties and a different composition from a gas tube or the 
lining of a. manhole intended to resist the action of excessive joressure. A pump 
valve, to resist the action of corrosive mineral acids should not have the 
same composition as one which has to remain in prolonged contact with oil. 
Unfortunately there is little agreement in the proportions of rubber indicated as 
required for each special manufacture. As there is not, according to Kissling, a 
simple and practical method for determining in an absolute manner the quantity 
of rubber present in vulcanised rubber, as the determination of the ash alone 
jjroves nothing, and it has been already shown how the methods of determining 
sulphur in its different conditions are not in any way more decisive, it was deemed 
well to rest content with a simifle comparative analysis of the ash of the 
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substances soluble in one or two appropriate solvents, and then to exnose to o 
ot m- 0. (3S0- F.) (or forty^l hoori Ih. S ohrSTor ui 
uianufacture of the same kinds of articles, whether they came from one factoiw 
or from another. He then examined their suppleness and elasticity, and finished 
by a test of resistance to rupture. lu the Table LXIII. Kissling has condensed the 
analytical lesults of twenty-nine tests according to liis method. 

Table LXIII.— Compaeative Technical Analysis and Valuation 

OP VULCANISED RuBBER WaRES ACCORDING TO KiSSLING. 


Uonacjcutive 
Number of 
Samples. 

Nature of the 

1. 

Ware 

Manufactured, 

> 

S 




1 

Steam pipe joints. 

I. 

2 

}) 

1. 

3 

)) 

I. 

4 

a 

I. 

5 

fj 

I. 

6 

>) 

I. 

7 


I, 

8 

a 

II. 

9 


II. 

10 


HI. 

11 


III. 

12 


HI. 

13 

a 

HI. 

14 

}i 

IV. 

15 

)i 

V. 

16 

n 

VI. 

17 

t> 

VIL 

18 

n 

VII. 

19 

)t 

VII. 

20 

j) 

VII. 

21 

Water pipe joints. 

III. 

22 


VIII. 

23 

jj 

IV. 

24 

Rubbers of diifer- 

VII. 

26 

26 

27 

ent kinds and 
quality. 


JJ 

JJ 

JJ 

JJ 

JJ 

JJ 

28 

Rubber for lining 

VlII. 

29 


canvas pipes. 



Price per Kilo, 
in Marks=l*25 
Francs. 

Soluble in 
Carbon 
Disulphide. 

Soluble in 
Ether. 

'w 


Per Cent. 

Per Cent. 

Per Cent. 

4-20 

8*76 

1*78 

61*04 

4 

8*74 

0*74 

61*08 

3-80 

7-82 

1*94 

59*50 

3-70 

5-28 

1*18 

62*66 

3 

9*96 

0*73 

63*78 

3-30 

6*93 

1*45 

61*42 

3-60 

7*56 

0*88 

% 59*64 


4*38 

1*04 

64 


7*60 

1*18 

66*84 

i-93 

4*82 

0*34 

72 

1*93 

5*52 

0*32 

70*8 

2*63 

5-64 

0*28 

66*64 

3 

17*12 

0-44 

60*36 

5 

9*36 

0*44 

65*56 

4*40 

16*30 

0*32 

60*52 

3*50 

9-80 

0*08 

62*16 

6-30 

6*30 

3*06 

48*32 

4 

8*44 

0*26 

56*60 

5*30 

7*30 

1*80 

49 52 

4 

9*32 

0*38 

35*12 

14*04 

6-20 

0*44 

54*72 

10*18 

8*42 

1*24 

55*20 

11*55 

7*78 

3*62 

63*04 

17*60 

6*66 

2*04 

2*16 

10-60 

4*70 

3*14 

2*2 

8*80 

7*74 

1*10 

32*40 

6*64 

6*24 

1*22 

55*10 

4*44 

7*10 

0*92 

35*44 

4*44 

3*88 

1*10 

39*48 


Condition after being lieated 
to 110® 0, (230® F.) for 48 
Honrs. 


Very hard and very brittle. 


Rather hard, very brittle. 
Hard but not brittle. 

Hard and brittle. 

Very bard and very brittle. 

Hard and brittle. 

Very bard and exceedingly 
brittle. 

Very hard and very brittle. 
Very hard and exceedingly 
brittle. 

Very hard and very brittle. 
Hard but elastic. 

Very hard and rather brittle. 
Very hard and slightly 
brittle. 

Very hard and rather brittle. 
Rather brittle, slightly 
elastic. 

.Rather soft, slightly elastic. 
Hard and rather brittle. 
Quite soft, very elastic. 

Quite soft, rather elastic. 
Slightly hard but elastic. 
Rather hard but slightly 
elastic. 

ightly hard hut elastic. . 

id. 


9 

9 

8 

4 
• 7 

9 

7 
10 

9 

15 

3 

8 

5 
8 

3-4 

2 

5 

1 

2 


2- 3 

3- 4 
5 

id, 

id. 


oj results undeniably from an 

that there is always a correlatiL between 
the price demanded and the total ash. That is readily understood. But to 
correlataon cannot be at all absolute, because not only does the price vary from 
s^X^ and* "Glibber goods do not consist sXly of rabber, 

L to ITv of articles, tba 

m to say aproaclung nearer to the destiny of normal vulcanised mbber, organic 

S^beXn w ’ incorporated. The real deduction to be dfawn 

Dtotoal to t J °f ^ « bnt be very 

Sr S of the manufactured article. It is better to buy 

rather dear goods than to acquire a bad article because it is cheap But here 
again reservations must be made. Samples 21, 22, 23, water pip^ from three 
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different factories, show clearly that No. 22 is decidedly the best, although mucli 
the cheapest, Kissling examines the price and qualities of Nos. 24, 25, 26, 27, 
and 28, designed by the same manufacturer, as goods of different qualities. 
Mineral substances, and possibly also organic bodies, have evidently not been 
added to Nos. 24 and 25 ; they resist a temperature of 118“ C. (230“ F.) admirably, 
but their selling price is too high. No. 24 was made with Para rubber. No. 25 
with a lower class rubber to which combustible matter has been added. Nos. 26 
and 27 seem to contain mineral additions only, whilst No. 28, the price of which 
is low, in spite of so low a percentage of ash as 35, certainly indicates admixture 
with organic matter such as rubber waste, reclaimed or otherwise. It shows 
itself to be more resistant to a temperature of 110“ C. (230“ F.) than No. 27 of 
a higher price. In regard to the first experiments. Nos. 1 to 20, on rubber for 
joints, if we compare the numbers costed at the lowest price with those the price 
of which would indicate a greater richness in rubber, it must be concluded that 
the cheapest only contain but relatively small percentages of sound rubber, smaller 
even than that indicated by the analytical data, if the richness in rubber be taken 
by difference. 

Henriques^ remits, — The beautiful investigations of Dr, Boh. Henriques^ 
published under the title “ Contributions to the Analysis of Manufactured Rubber ” 
{GJmnilcer Zeitmig, 1892, pp. 1515, 1623, 1644; 1893, pp. 644, 807; and 1894, 
pp. 411, 442), cannot be overlooked. The method of analysis adopted is, moreover, 
the starting-point of a rational method for detecting and valuing indiarubber 
substitutes, which play such an important r61e in the rubber industry, and the 
infiuence of which is almost always so injurious to the durability of the goods. 
(See under Rubber Substitutes.) 

Eeinzerling cmd PahVs method Amials of the Society for the Advancement of 
Industrial Science, Berlin, 1891-92”) /or determining the mineral and organic 
substances on the industrial value of the vulcanised rubber with which they are 
incorporated. — Struck with the almost insurmountable difficulties encountered in 
the exact quantitative determination of each of the substances which enter into the 
composition of vulcanised rubber, Heinzerling and Pahl have attempted to get over 
the difficulty, and-in a series of very elaborafe and detailed investigations studied the 
effect of the principal products most frequently added to rubber, on its durability, 
resistance, elasticity, and dielectric properties. Unable to follow the usual method 
in the choice of samples of a determinate composition coming within the scope of 
their researches, since (1) direct analysis is almost impossible, especially for the 
quantitative determination of the organic substances, other than rubber ; and (2) 
manufacturers generally being unwilling to divulge the little secrets of their special 
manufacture, these two chemists had typical samples made from their data of definite 
proportions, varying in this way at will the total amount of the substances incor- 
porated so as to study more exhaustively the manner in which each of them behaved. 

Inorganic and organic mbstances incorporated, — Besides sulphur and antimony 
sulphide — ^the principal vulcanising agents used, — the authors incorporated the 
following inorganic substances : — The oxides of zinc and lead, chalk, caustic lime, 
calcined magnesia, calcium fluoride ; and the following organic bodies : rubber sub- 
stitutes, oils vulcanised by free sulphur, and by sulphur chloride in the cold, paraffin, 
rosin, or colophony, terebenthine (turpentine),^ asphaltum, reclaimed rubber powder, 
and finally glycerine. Ten per cent, of free sulphur was added as a vulcanising 
agent to all the supple substances thus obtained, with the exception of those 
containing antimony sulphide, and those already treated by sulphm’ chloride in 
the cold ; a small addition of sulphur was made to the supple substances already 
containing antimony sulphide, and all submitted for one hour to vulcanisation at 
a temperature of 135“ to 138“ G. (275“ to 280“ *4 F.), under a pressure of 3 to 3J 
atmospheres. The special articles called technical were made in one of the 
principal manufactories of Northern Germany in the usual proportions, which 

^ Possibly Venice turpentine or turpentine oleo-resin. Spirits of turpentine in this country 
is often termed “turpentine.’’ Hence much confusion with the oleo-resins. — T k. 
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the managing director with great courtesy communicated to the authors of this 
investigation. The experiments on ebonite were less numerous; the substances 
added in this manufacture are necessarily more restricted, this branch of the 
manufactiu'e being of itself less important. Two kinds of tests were made, the 
one based on chemical action, the other on physical and mechanical action. 

Glvemical tests. — The chemical tests were made from the point of view of 
the substances with which rubber most often comes in contact. These are — 1. 
Sulphuric add. — (This acid was chosen because its corrosive action has the 
greatest elfect on rubber, with the exception of nitric acid, which destroys it.) 2 . 
Acetic add. — (This is the organic acid with the most characteristic energy ; it, 
moreover, is the one which comes moat often in contact with rubber.) 3. Soda 
^ye aiid ammonia. — (Both very often come in contact with rubber.), 4. Colm oil. 
h. Mineral hihricatiny oil, as well as these oils mixed with tallow in definite pro- 
portions. These substances frequently exert a destructive . action on pumjD, etc., 
valves, upon pipe joints, etc. 6 . Goal gas. — (We have already shown the effect 
of this gas on rubber tubing.) 7. Physical tests. — The physical and mechanical 
tests were made with the object of determining — 

1. The modulus of load (module de charge).'^ 2. The coefficient of resistance. 
3. The limit of elasticity. 4. The modifications in sliaj^e under the influence of 
strong pressure. 5. The modifications in shape under the influence of repeated 
blows. 6 . The effect of prolonged heat. 7. The variation in the insulating power. 

All the samples were submitted to the following tests : — 

1. Sulphuric add test. — In a solution of sulphuric acid of specific gravity 
.1*1562 (say 31“ TwaddeU), which is equivalent to 27*5 per cent. H 2 SO 4 , there 
were macerated after previous weighing in the cold the types I. to XVIII. for 
twenty days, the types XIX. to XXXII, for ten days. Taken out of the steep 
and conveniently dried, they were again weighed, care being taken to note the 
modifications of the normal texture which might be presented. 

2. Acetic acid test. — ^The acetic acid used had a density of 1*0584 (11“*68 
Twaddell)~46*5 per cent. C 2 H 4 O 2 . Contact in the cold only lasted three days, 
the action of the acid manifesting itself much more rapidly. 

3. Soda lye and ammonia test. — ^Soda lye, of specific gravity 1*3084 (say 
62“ TwaddeU), equivalent to 21*5 per cent, of NaHO, was left in contact for three 
days. Not only was the weight before and after the operation taken, but also the- 
initial and final densities of the samples tested, and the same was done in the case 
of the acetic acid and ammonia tests. The ammonia used (specific gravity 0*9775, 
equivalent to 6 per cent. NSg) was left in contact for four days. 

Drying the samples after the tests. — The samjfies Nos. I. to XVIII. were 
washed and dried for six hours at a temperature of 100“ C. (212“ F.). Nos. XIX. 
to XXXII. were exposed when they came out of the bath for forty-eight hours to 
the open air, and then dried for half an hour at 100“ C. (212° F.). 

4. Golza oil test. — The colza oil had a density of 0*9102.2 After five days’ 
contact, the volume of the sample was determined before and after the experiment, 
as well as in the case of the two following tests.. 

5. Imbricating mineral oil. — Density = 0*8991, five days of contact. 5 a. 

Mixture of ^0 per cent, mineral oil and 10 per cent, tallow was put in contact 
with the samples for five days at a temperature of 100“ C. (212“ F.). 6 . Goal 

gas test: — In the test with coal gas, the authors placed the sami 3 le in the gas pipe 
between the burner and the tap; the jet was lit, the experiment lasted twenty 
consecutive days, so that the sample was in constant contact with the gaseous 
current. The determinations were made by weighing, 7. Physical tests. — For 
alterations in volume, the micrometer was used so as to determine alterations to 
the extent of of a millimetre. To obtain the modulus of elasticity and the 
limit of elasticity, etc., use was made of a special apparatus, with more than one 

^ ? Modulus of elasticity, — Tn. 

2 If this gravity were taken at the ordinary temperature, it is remarkably low for pure 
colza oil. 
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point of resemblance to the apparatus described by M. Stewart. JDwiensions of 
samples tested — Alterations in shape mvder pn'esmire . — The samples had each a 
superficies of 0*02 metre long, 0*005 metre wide, and 0*002 metre thick. The 
alterations in shape under great pressure were studied with the apparatus used 
to test building materials in the Swiss Federal Polytechnic. Each compression 
equivalent, to 4900 kilogramiiies on a sample of T2 centimetre for one minute; 
the variable thickness of the sample was controlled before and after each test by 
the micrometer in every direction, and it could thus easily be determined whether 
the deformation took place uniformly in all directions.. As the edges were 
generally more swollen than the centre, the thickness of the centre, of the sides, 
and the distance between the two furthest sides were taken. The alterations in 
shape under the action of repeated blows were made with the apparatus ' of the 
Zurich Polytechnic. One square centimetre of a thickness determined beforehand, 
.was put under the action of a hammer of 2 kilogrammes in weight (say 4*4 lb.), 
with a fall of 0*25 metre (say 10 inches), and underwent fifty blows each time. 
Maximum compression for one minute, 4900 kilogrammes (10,780 lb.). The 
deformation was not uniform as in the preceding, but showed excentric undulation ; 
they were measured as in the foregoing. The deformation undergone by energetic 
compression is shown in A, Fig. 93, and in B that undergone under the action of 
fiifty repeated blows. 


Table LXIV. — Comparative Trial of two Samples of Indiarubber, under 
Strong Pressure, to Determine Alteration in Shape. 


Type. 

Initial Thickness. 

Thickness of the 
Extreme Sides 
after the Test. 

Thickness of the 
Centre. 

Displacement of 
the Furthest 
Edges. 

I. . 

III. . 

Millimetres. 

0-96 

1*08 

Millimetres. 

1*18 

1*16 

Millimetres. 

0*93 

1*01 

Millimetres. 

9*00 

8*25 


No. I. is therefore more resistant than No. III. 


Table LXV. — Results of Test of Two Samples under Repeated 
Blows of the Hammer to Determine Alteration in Shape. 


Type. 

Initial Thickness. 

Thickness of the 
Extreme Sides 
after the Test. 

Thickness of the 
Centre. 

Displacement of 
the Furthest 
Edges. 


Millimetres. 

Millimetres. 

Millimetres. 

Millimetres. 

I. . 

0*95 

1*54 1 

0*71 

2*76 

III. . 

1*10 

1-40 j 

0*90 

6*00 


No. I. therefore does not stand repeated blows of the hammer so well. 

Action of heat. — To test the action of prolonged heat the samples were placed 
in an oven with a glass door. Heat was applied slowly, so as to get an increase 
of temperature of 10° C. (18° F.) every half-hoiu on each occasion. All the 
accidents which might happen could thus be obseiwed until the final temperature, 
i.e. 150° 0. (302° F.), was reached. 

Electrical resistance test . — ^Finally, Weberns electrometer (see MascarPs Manuel 
d^Mectricite Btatiqne) was used to determine the variations in the insulating 
power of the samples. Previous to the test they were placed in a drying oven for 
half an hour, to remove all traces of moisture. The electrometer at rest marked 
500° charged before each test, the needle oscillated upon 260°. From time to 
time the apparatus was verified to make any necessary corrections. The test 
was made during the day at a temperature of 12° C. 
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Remarks on Heinzerling and FahVs experiments. — It is unnecessary to follow 
the deductions which Heinzerling and Pahl draw from each of their experiments. 
The Tables and their indications are sufficient, and readers can themselves draw 
the appropriate deduction from the facts given. Attention is drawn to the experi- 
ments on commercial articles, as delivered by the factory. Table B, in which three 
species of vulcanising agents, S. metal, pasta (paste), and mixture, have replaced 
sulphur, ^ in whole^ or in part, as a vulcanising agent. These products, the 
composition of which the vendors always keep secret, yield, in the majority of 
cases, inferior products, the defects of which only become manifest after a certain 
time. Heinzerling and Pahl tried to ascertain the composition of these three 
bodies, and they think they recognised— 1. Sulphur and the different compounds 
of ultramarine blue. 2. Paraffin, or a resin to which rubber waste has been 
added, the whole dissolved in spirits of turpentine, and mixed with plaster, lime, 
and magnesia. 3. Terebenthine (spirits of topentine), acting as a vehicle for the 
regenerated rubber. 

The conchmons of this long and important work are : — 

1. All organic a'nd mineral substances added to supple rubber dwiinish its 
elasticity. Ten per cent, of sulphur as a vulcanising agent gives the best results 
so far as elasticity is concerned. On the other hand, certain organic additions 
such as terebenthine, colophony, bitumen, as well as certain mineral additions’ 
such as mercury sulphide, slaked lime, far from injuring the elasticity, sometimes 
even accentuate it. 2. The modulus of load {module de charge) is increased in 



Pig. 93. — Deformation of pressed rubber. 


supple rubber by tbe addition to a certain extent of bitumen, ob^.D r. floor spar 
oxide of Muc, and especially calcined magnesia. Tbe modulus of ebonite is 
increased by tbe addition of mercury sulphide, as well as by more prolonged 
vulcanisation and a greater dose of suliibur. All other mineral additions, lead 
oxide, slaked lime, and all organic additions, with exception of bitumen in small 
qi^tities, ca,n only dimmish the modulus of elasticity of ebonite. 3. Mineral 
additions, such as zinc oxide, fead oxide, chalk, magnesia, slaked lime, bitumen, and 
glycerin^ accentuate the coefficient of electrical resistance of pUant indiarubber 
™i? higher in ebonite by the use of a large quantity of 

bitumen, teiebenthme, and rosin, to which lime or magnesia has been added^ so 

Sil? .exceeded. It is the same with vermilion. But the 

tensile strength of rubber is perceptibly diminished by the intervention of 
vulcanised oils, turpentine, and paraffin. 4. Pure rubber, chaining sXhur hS 
wrongly been considered as the best insulator ; a whole series of mixtares of rubber 
mth certain metalhc oxides, zinc oxide, slaked lime, calcined magnesia (in small pro- 

oqf ^ ^dditiots conimonly 3: 

oils vulcanised by sulphur, those vulcanised in the cold by sulphur chloride fin 
very modei-ate proporrions), terebenthine, rosin, paraffin, yield, so C 
power IS concerned, a far better result than pure vulcanised rubber. The SaS 

oxiue, on the other hand, dimmish the dielectric properties of rubber It is 
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5. All mixtures containing organic additions give off fumes if heated to 130“ 
to 150“ C. (266“ to 302“ ¥,); such a mixture is therefore to be avoided if the 
rubber is liable to be exposed to a rather high temperature. The other mixtures 
generally behave well in this respect. 

6. All the mixtures containing chalk, fluor spar, lead oxide, zinc oxide, 
are strongly acted on by sulphuric acid, as well as by acetic acid, and the weight 
regularly increases, either because there is formation of insoluble salts, like sulphate 
of lime, or also of basic salts (basic acetates of zinc and lead). The destructive 
action of oils is diminished, especially by the addition of zinc oxide and lead oxide. 
The other inorganic substances added are less efficacious. Alkalies and coal gas do 
not alter the different mixtures studied to such an extent as to enable any definite 
conclusion to be drawn. Finally, the organic additions employed all tend to 
preserve the substance, more or less, from the corrosive action of acids. 

. V. The generality of rubber compounds which have been mixed with mineral 
matters harden and become brittle after a more or less pi'olonged period of storage. 
They are then less resistant to mechanical strains. So far as insulating capacity 
is concerned, they do not appear to suffer any loss. 

8. Ebonite has not such an extensive use as supple rubber. It is, however, 
used in making chemical apparatus and in the manufacture of dielectrics. In the 
first case it should not contain mineral additions. In the second case it gains by 
being associated with rosin and paraffin. 

In order to terminate this investigation of the methods of analysis adopted, 
the following are the requirements to be exacted from manufactured rubber, 
according to Dr. Lobry de Bruyn’s specifications {Ghem. Zeitwig^ 1894, p, 329). 

The tests to which it should be submitted are — 

1. Tim loBB in weight on extraction with alcoholic potash. — This weight should 
not exceed 8 per cent, of the organic substance (deduction made for ash and 
sulphur). The experiment is made on 5 grammes of rubber reduced to a thin 
sheet ; it is heated for six hours in a vessel attached to a refiux condenser, with 
50 cubic centimetres of a 6 per cent, solution of pure caustic soda in 96 per cent, 
alcohol. The alcoholic extract should not contain anything more than sulphur 
and resins ; no soaps. The loss of weight is determined by washing the extraction 
residue, letting it stand for twenty-four hours in water, collecting and drying on a 
tared filter at 100“ C. 

2. The effect of dry heat. — Two grammes of the sample to be tested, cut into 
thin strips, are heated in an oven to 135“ C. (275“ F.) for two hours. After this 
treatment, the rubber ought to have maintained all its original properties intact. 
It ought to have lost, at the most, 1 J per cent, in weight. 

3. Tim effect of superheated water {under pressure). — A piece of known weight is 
heated for four hours, at a temperature of 170“ C. (338“ F.), dipping into the water. 
The properties of the rubber thus treated ought not to be perceptibly altered. 

4. Ash. — Calcine ^ to 1 gramme with care, with a very low flame at first. 

It will be noticed that Lobry de Bruyn does not impose any maximum of 
sulphur. He in fact found rubbers with 7 and 7*3 per cent, of sulphur as 
satisfactory as those which contained 3 to 4 per cent. On the other hand, the 
limit fixed for the loss on extraction by alcoholic potash, 8 per cent., prevents the 
addition of too large an excess of sulphur. He limits himself to requiring that 
the rubbers stand the above tests well. He allows the addition of mineral 
substances, in greater or less proportion, according to the purposes for which they 
are intended to be used. He has had through his hands excellent sorts containing 
25 per cent, and above that of mineral substances. Amongst these it seems to him 
that, weight for weight, zinc oxide alters the properties of rubber to the least extent. 
In regard to red rubbers, it might be stipulated that they be coloured exclusively 
with antimony sulphide and not with ochres, Venetian red, and analogous 
pigments ; it is a well-known fact that the former last much longer than the latter. 

The Tables giving the results of Heinzerling and PahPs experiments now 
follow ; — 
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TABLE LXVl— RESULTS OBTAINED BY HBIN2EBLING AND FAHL 

Chemical 



A. SAJIPLES rHEPARED FROM THiS AUTUORfi’ DATA. 



Action 








of 








Sulphuric 








Acid. 




1 



3 

Gonseciilive 

1 

g 

Qualities and Nature of the 
Substances added. 


Density 

§ 


Number of 
Sample. 

1 

E> 


before 

Testing. 


Altera- 


1 

09 




tion in 
Weight. 



Per Cent. 

Per Cent 





Per Cent. 

I 

90 

10 

0 


0-999 


■T- 4-269 

II 

85 

6 

10 

Antimony sulphide. 

1-070 


-r 3*099 

Ill 

75 

5 

20 

Antimony sulphide. 

1-101 


-r 3-621 

IV 

80 

10 

10 

Zinc oxide. 

1-087 


^ 3-274 

V 

50 

10 

40 

Zinc oxide. 

1-283 

_.s 

-f- 2*074 

VI 

10 

10 

80 

Zinc oxide. 

1-514 


-f 1-810 

VII 

80 

10 { 

5 

5 

Zinc oxide. ^ 

Chalk. 


1-184 

O 

V 

-h 2-930 

VIII. . . . 

60 

10 1 

20 

20 

Zinc oxide. 

Chalk. 


1-255 


-r 2-280 

IX 

10 

10 { 

40 

40 

Zinc oxide. 

Chalk. 


1-452 

0 

lO 

-f 1-802 

X 

50 

10 { 

20 

20 

Zinc oxide. 

Calcium iiuoride. 

>■ 

1-295 


^ 1-464 

XI 

10 

10 { 

40 

40 

Zinc oxide. 

Calcium fluoride. 


1-602 

o 

00 

^ 1-627 

XII 

50 

• 10 { 

20 

.20 

Zinc oxide. 

Lead oxide. 


1-340 

rH ^ 

a 03 
(u 

-r 1*864 

XIII 

10 

10 { 

40 

40 

Zinc oxide. 

Lead oxide. j 


1-569 

o 

it 

-r 1*406 

XIV 

Could 

not be 

perforin 

ed. 


"S s 


XV 

50 

10 

- 40 

Vulcanised oil. 

1-063 

21 

4-081 

XVI 

80 

10 

60 

Vulcanised oil. 

1-052 

^sr 

-J- 2-473 

XVII. . . . 

50 

10 

40- 

Oil treated with chloride 

1-054 

g-S 

6-076 


30 



of sulphur. 

i 

® CO 

XVIII. . . . 

10 

60 

Oil treated with chloride 

1031 


6-306 





of sulphur. 



XIX 

87 

10 

3 

Calcined magnesia. 

1-130 


-r 0-932 

XX j 

87 

10 

3 

Slaked lime. 

1-027 

§ ^ 

-f 0-924 

XXL .... 

76 

10 

15 

Paraflin. 

1-075 


4-806 

XXII. . . . 

65 

10 

25 

Paraffin. 

1-041 

g C3 

-f- 3-273 

XXIII. . . . 

Gould 

not be 

perform 

perform 

ed. 


XXIV. . . . 

Could 

not be 

ed. 


1 


XXV. . . . 

75 

10 

15 

Terebenthine. 

1-030 

03 

4- 3-^7 

XXVI. . . . 

65 

10 

25 

Terebenthine, 

1-065 

'S 

-r 3-582 

XXVII. . . . 

86 

10 

5 

Glycerine. 

1-062 

s 

-r 5-921 

XXVIII. . . 

80 

10 

10 

Glycerine. 

1-060 

.2 

~ 6-671 

XXIX. . . . 

80 

10 

10 

Bitumen, 

1-080 


4* 3-686 

XXX. . . . 

70 

10 

20 

Bitumen. 

1-086 

►S 

4- 2-421 

XXXI. . . . 

60 

10 

30 

Eeclaimed rubber 

0-101 

m ’ 

4- 2-336 

XXXII. . . . 

30 



(powder). 



10 

60 

Keclaimed rubber 

1-101 

a 

4- 3-889 


English 



(powder). 



ed 

03 


\ 







sheet 







lA. .... 

vulcan- 
ised 
in the 

^ 5 



0-925 


4- 1-344 


cold. 

J 







Explanation ol the Signs : + Anguieutation ; 
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IN THEIE EXPEEIMENTS ON VULCANISED EUBBEE AND EBONITE, 
ExPKMMBlfTS. 


Action 

A 

Acetic 

cid. 

Action of Caustic 
Soda ij'e. 

Action of 
Ammonia. 

Action 

of 

Colza Oil. 

. Action 
of 

Mineral 
Lubricat- 
ing Oil. 

Action 
of a 

Mixture 

of 

Mineral Oi 
90 per 
cent., and 
Tallow 10 
per cent. 

Action 

of 

Illuminat- 
ing Gas. 

Alteration 

Alteration 

Alteration 

Alteration 

Altera- 

Altera- 

Alteration 

Alteration 

Alteration 

Alteration 

in 

in 

in 

in 

tion in 

tion in 

in 

in 

in 

in 

Volume. 

Weight. 

Volume. 

Weight. 

Volume. 

Weight. 

Volume. 

Volume. 

Volume. 

Weight. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

4" 2*912 

•h 0 ‘932 

— 

+ 4*354 


-r 0-727 

+ 23*214 

+ 42*718 

entirely 

+ 9*765 

+ 2*985 

4- 2*097 

— 

+ 4*354 


+ 0*974 

+ 20*617 

+ 39*694 

dissolved. 
+ 63*846 

+ 9*156 

+ 3*846 

+ 8-048 

— 

+ 4*271 

_ 

+ 0*896 

+ 28*431 

+ 61*485 

+ 34*616 

-1- 7-561 

+ 4*854 

4- 29*132 

— 

+ 2*971 


+ 0*326 

+ 25*242 

+ 39*423 

+ 21*782 

+ 11*079 

+ 28*155 

4-153*035 

— 

+ 0*084 

_ 

4- 0-314 

+ 32*110 

+ 43*519 

+ 58*878 

+ 10*085 

+ 2/ *868 

+116*950 

- 

■f 0-087 

— 

+ 0*779 

+ 47*272 

+ 36*440 

+ 78*947 

+ 7*674 

+ 5*357 

+ 30*887 

- 

+ 2*824 

- 

+ 0*629 

+ 24*137 

+ 40*178 

+^65*765 

+ 10*863 

-h 28*828 

+131*899 

- 

+ 2*059 

~ 

+ 0*866 

+ 37-247 

+ 46-296 

+ 77*670 

+ 7-370 

+ 29*464 

+ 160*097 

-r 0-892 

+ 1-422 

- 

+ 0*507 

+ 27*193 

+ 35*593 

+ 65*853 

+ 5-821 

+ 17*475 

+ 62*616 

+ 1*000 

■r 3-348 

- 

+ 0*455 

+ 28*853 

+ 40*384 

+ 51*923 

+ 8*649 

+ 31-730 

+124*639 

- 

+ 2*160 

- 

+ 0*512 

+ 28*571 

-t- 41-121 

+ 65*048 

+ 1*452 

H- 12*765 

+ 78*542 

- 

+ 1*150 

- 

+ 0*011 

+ 37*894 

+ 38*613 

+ 53*763 

+ 10*043 

+ 23*711 

+ 77*411 

- 

+ 0*282 

- 

+ 0*388 

+ 28*712 

+ 30*000 

+ 47*916 

+ 8*695 

— 

+ 0*560 

+ 1*388 

-r '6-745 

_ 

+ 0*787 

+ 21*428 

+ 50*714 

entirely 

+ 11*793 


+ 2*180 


+ 4*965 

+ 3*571 

+ 0*744 

+ 20*339 

+ 32*773 

dissolved. 

+ 14*047 

+ 1*709 

+ 6*373 

+ 7-017 

+ 9*723 

+ 1*724 

+ 2*147 

+ 11*111 

+ 44-546 

fp 

+ 7*574 

+ 2*970 

+ 8*695 

+ 9*708 

+ 9*658 

+ 1*941 

+ 1*649 

+ 14*423 

1 

+ 56*446 


+ 7-987 

+ 4*231 

+ 18*718 

— 

+ 1*321 


+ 0*247 

+ 6*250 

+ 36*440 


+ 10*143 

+ 4*273 

+ 6*297 

+ 0*847 

+ 6*569 


+ 0*327 

+ 18*487 

+ 29*762 


+ 10*043 

4- 6*063 

+ 0*364 

+ 10*588 

+ 6*602 


+ 1*722 

+ 23*695 

+ 43*760 

II 

+ 12*758 

4- 2*197 

+ 0*674 

+ 7*692 

+ 4*84-7 

— 

+ 2*882 

+ 10*000 

+ 35*781 

99 

+ 13*581 

- 

+ 2*732 


+ 5*210 


+ 0*239 

+ 20*491 

+ 39*603 

entirely 

+ 10*363 

— 

+ 6*442 


+ 5*961 


+ 0*496 

+ 26*732 

+ 31*460 

dissolved. 

+ 11*382 

— 

+ 0*420 

+ 5*940 

+ 7*628 


+ 0*308 

+ 23*904 

+ 48*214 


+ 11*618 

— 

+ 2*400 

+ 3*846 

+ 7*992 


+ 3*909 

+ 21*561 

+ 45*794 


+ 8*905 

4- 1-980 

+ 0*650 

— 

+ 4*382 

— 

+ 0*121 

+ 10*434 

+ 45*714 

+ 73*684 

+ 12*514 

— 

+ 0*607 

- 

+ 3*425 

— 

+ 0*225 

+ 17*647 

+ 40*740 

+ 75*757 

+ 11*248 

— 

+ 0*332 

+ 2*849 

— 


+ 0*718 

+ 14*160 

+ 53*846 

entirely 

+ 10*810 

+ 1*769 

+ 0*729 

+ 0*833 

+ 3*473 

+ 0*869 

+ 2*031 

+ 15*789 

+ 47*000 

dissolved. 

pp 

+ 5*807 

- 

- 

- 

- 

- 

+ 1*592 

+ 28*461 

+ 51*198 

pp 

+ 15*1*21 


-r diminution ; - no chang^e. 


i6 
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B. Commercial Goods the Composition op which was given by 
Tim E’actory. 



1 






Consecutive 
Number of 
Sample. 

Rubber. 

Sulphur. 

Quantities and Nature of the 
Substances added. 

• Density given b 
the Factory 
after 

Manufacture. 

Density found 
2^ Yeai-s 
afterwards. 


Pr. Ct. 

Pr. Ct. 

Pr. Ct. 




1 

91 

9 

0 


0*990 

0*999 

2 

82 

8 

10 

Chalk. 

1*100 

1*111 

3 

43 

M' 

7 

45 

Vulcanised oil. 

Oxide of zinc. 

1*400 

1*490 

4 

47 


27 

19 

Chalk. 

Zinc oxide. 

1*400 

1*500 


66 

n f 

16 

Antimony sulphide. 


1*304 

6 

0 1 

9 

Chalk. 

1*200 



1 

9 

Zinc oxide. 



6 

70 

7 

23 

Chalk. 

1*465 

1*222 

7 

92. 

.0 

8 

Metal (1). 

0*999 

1*111 

8 

71 


16 

6 

Chalk. 

Zinc oxide. 

1*450 

1*660 




6 

Vulcanised oil. 



9 

58 

o| 

30 

5 

Chalk. 

Metal (1). 

1*215 

1*330 



[ 

1 

Pasta (2). 






4 

Vulcanised oil. 



10 

36 


27 

Chalk. 

1-560 

1*720 

27 

Oxide of zinc. 






6 

Vulcanised oil. 



11 

31 

6 ^ 

15 

40 

Chalk. 

Oxide of zinc. 

1*600 

r*806 




2 

Pasta (2). 






4 

Vulcanised oil. 






10 

Chalk. 






3 

Zinc oxide. 



12 

39 

0 . 

3 

Metal (1). 

Paraffin. 

1*650 

1*920 




32 

Fluor spar. . . 






8 

Mixture (3). . . 






' 8 

Antimouy sulphide. 



13 

23 

0- 

6 

52 

1 

Vulcanised oil. 

Chalk. 

Paraffin. 

Pasta. 

not given 
by the 
factory. 

1*760 




. 11 

Regenerated, 






' 40 

Chalk. 



14 

30 


25 

3 

Zinc oxide. 

Metal (1). 

id. 

1*803 



( 

2 

Pasta (2). 





/ 

' 18 

Chalk. 






3 

Metal (1). 



15 

30 

0 J 

2 

Pasta (2). 

, id. 

2'041 



1 

35 

Fluor spar. 





12 

Lead oxide. 







i 

I- 


u: 

4J: 

If 

Hi: 

•rVl 

HU 








•11 
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m TPIEIR EXPERIMENTS ON VULCANISED RUBBER AND EBONITE. 


Ex1"I5PvI]MENT.S, 

1 


Action of Acetic 
Acid. 

Action of Caustic 
Soda Lye. 

Action of 
Ammonia. 

Action 

of 

Colza Oil. 

iAction 

of 

Mineral 
Lubricat- 
ing Oil. 

Action 
of a 

Mixture 
* of 

Mineral Oil 
90 per 
oent., and 
Tallow 10 
per cent. 

1 

Action 

of 

Coal Gas. 

I 

Alteration 

in 

Volume. 

Alteration 

in 

Weight. 

Altera- 
tion in 
Volume. 

Alteration 

in 

Weight. 

Alteration 

in 

Volume. 

Alteration 

in 

Weight. 

Alteration 

in 

Volume. 

Alteration 

in 

Volume. 

Alteration 

Jn 

Volume. 

Alteration 

in 

Weight. 

Per Cent. 
+ 0*714 
+ 19*083 

Per Cent. 
+ 2*540 
+ 87*688 

Per Cent. 

Per Cent. 
4- 1*934 
-r 2*332 

Per Cent, 

+ 3*937 

Per Cent. 
+ 1*503 
+ 3*357 

Per Cent, 
•f 18*046 
+ 6*666 

Per Cent. 
+ 36*641 
+ 23*664 

' 

Per Cent. 
+ 89*312 
+ 70*992 

Per Cent. 
+ 12*431 
+ 12*139 

+ 34*259 

-H 61*319 

- 

^ 3*068 

+ 0*402 

+ 4*309 

+ 47*663 

+ 31*428 

+ 84*956 

+ 6*027 

+ 46*216 

+ 81*790 

- 

-f 1*847 

+ 4*001 

H- 4*722 

+ 3*703 

+ 10*077 

+ 55*118 

+ 5-S^8 

+ 42*976 

+ 90*209 

- 

■f 0*664 

+ 16*071 

•f- 2*877 

+ 6*140 

+ 12*931 

+ 7*692 

+ 8-2^1 

+ 37*190 
+ 2*205 

-I- 72*947 
+ 26*263 

-r 1-470 

-f 1*534 

-r 1*266 

+ 5*660 
+ 11*450 

-h 6*600 
-f 23*660 

+ 6*737 

+ 12*068 
+ 8*450 

+ 18-388 
+ 34-677 

+ 8*059 
+ 8*413 

+ 9-278 

+ 53*321 

- 

~ 1*600 

H- 15*217 

+ 17*662 

+ 6*382 

H- 18*556 

+ 54*347 

+ 4*836 

+ 7*627 

+ 78*623 

- 

-f 4*650 

+ 10*250 

+ 22*405 


+ 5*042 

+ 13*559 

+ 4*133 

+ 19*841 

+ 11*298 

- 

19*083 

+ 6*299 

+ 6*863 

+ 27*480 

-H 30*708 

+ 81*679 

+ 4*4^4 

i 

+ 21*481 

-r 13*589 

-r 0-699 

-f 20*551 

+ 4*347 

+ 6*238 

+ 20*595 

+ 21*428 

+ 64*492 

-h 6*06!9 

+ 15*126 

+ 31*422 

- 

4- 14*724 

+ 7*438 

•f 6*009 

+ 27*168 

+ 22*413 

un- 

n:ieasur- ; 
aLle. 

-h 5*843 

f 17*355 

-}- 21*078 

- 

-r 1*601 

-f 9*090 

+ 8*391 

-f- 15*125 

+ 14*876 

i 

H- 47*580 1 

+ 4*020 

+ 21*705 

+ 15*703 

- 

-r 1*656 

-1- 10*156 

+ 8*665 

-h 7*031 

+ 8*064 

+ 33*343 

+ 3*837 

+ 21*538 

■f 15*228 

- 

-4- 0*163 

+ 6*666 

+ 6*474 

+ 10*687 

+ 11*627 

-h 27*480 

-f 3*122 


-f- diminution ; - no change. 
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TABLE LXVII.— RESULTS OBTAINED BY HEINEEELING AND PAHL 

Physical 



A. Samples prepared prom tub Authors’ Data. 



.ai 

.a® 









« 2 









. 

fl* . 















1 




pH J 


Consecutive 
Number of 
Sample. 


1 

1 

Quantities and Nature of the 
Substances added. 

i 

tl 

i 

a> 

P3 

§ 

111 

1 

«§ 1 
osi 

j 







P 


o 

go 



Pr. Ct. 

Pr. Ct. 

Pr.Ct. 






I. . . . 


90 

10 

0 


0-999 


48*5 

213 

11. . . . 


85 

6 

10 

Antimony sulphide. 

1*070 


38 

213 

III. . . . 


75 

5 

20 

Antimony sulphide. 

l-IOl 


47*6 

259 

IV. . . . 


80 

10 

10 

Zinc oxide. 

1*087 


48'6 

427 

V. . . . 


50 

10 

40 

Zinc oxide. 

1*283 


47*5 

480 

VI. . . . 


10 

10 

SO 

Zinc oxide. 

1*514 


43*6 

543 

vir. . . 


80 

10 1 

5 

5 

Zinc oxide. 

Challc. 


1*184 

Ph 

46 

440 

VIII. . . 


50 

10 1 

20 

20 

Zinc oxide. 

Chalk. 


1*265 

o 

65 

642 

IX. . . . 


10 

10 1 

40 

40 

Zinc oxide. 

Chalk. 


1*452 

s 

69 

653 

X. . . . 


50 

10 1 

20 

20 

Zinc oxide. 

Calcium fluoride. 

► 

1*295 

a 

LO 

48 

404 

XL . . . 


10 

10 1 

40 

40 

Zinc oxide. 

Calcium fluoride. 


1'602 

o 

77*5 

563 

XII. . . 


50 

10 j 

20 

20 

Zinc oxide. 

Lead oxide, 


1*340 

oo 

eo 

31*5 

404 

XIII. , . 


10 

10 1 

40 

40 

Zinc oxide. 

Lead oxide. . 


1*569 

rH 

O CQ 
^ g? 

31 

352 

XIV. . . 


Could 

not be 

execu 

ted. 


o S 



XV. . . . 


50 

10 

40 

Vulcanised oil. 

1*053 

St 

22*5 

220 

XVI. . . 


30 

10 

60 

Vulcanised oil. 

1*052 

hi 

5 os 

22*5 

77 

XVII. . . 


50 

10 

40 

Oil treated with chloride 

1*064 

1 .Ss? 

16 

66 

XVIII.. . 


30 



of sulphur. 






10 

60 

Oil treated with chloride 

1 031 

fco 

15 

55 

XIX. . . 


87 

10 

3 

of sulphur. 

Calcined magnesia. 

1 

* 1*130 

o 

11 

70*5 

427 

XX. . . . 


87 

10 

3 

Slaked lime. 

! 1*027 

1 1 

45 

225 

XXL . . 


75 

10 

15 

Paraflin. 

1*076 


16 

109 

XXII. . . 


65 

10 

25 

Paraffin. 

1*041 


14 

115 

XXIII. . . 


Could 

not be 

execn 

ted. 



XXIV.. . 


Could 

not be 

execu 

ted. 



... 


XXV. . . 


75 

10 

15 

Terebenthine, 

1*030 

1 

% 

15* 

96 

XXVI.. . 


65 

10 

25 

Terebenthine. 

1*065 

to 

1 

12 

61 

XXVII. , 


85 

10 

5 

Glycerine. 

1*062 

•S 

29*5 

376 

XXVIII. . 


80 

10 

10 

Glycerine. 

1*060 


25*5 

365. 

XXIX. . . 


80 

10 

10 

Bitumen. 

1*080 

'ft 

45 

342 

XXX. . . 


70 

10 

20 

Bitumen. 

1*085 

1 

67*5 

407 

XXXI. . . 


90 

10 

30 

Reclaimed rubber 

1*101 

CO 

29 

178 

XXXIL . 

. 

30 

10 

60 

(powder). 

Reclaimed rubber 

1*101 

Eh 

25*5 

166' 



English 

sheet 



(powder). 


lA. . . . 

• 

vulcan- 
ised 
in the 

- 5 


... 

0*925 


38*6 

230 



cold. 
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IN THEIE EXPERIMENTS ON VULCANISED RUBBER AND EBONITE. 
Experiments. 


M 

.s.§ 

Alteration of Shape under 
Strong Pressure. 

Alteration of Shape under 
Repeated Blows of the 
Hammer. 

Insulating 

Power. 


■fS 

ctf tH 

fl 

a g 



1 




1 




Initial Thickness 
in Millimetres. 

Thickness of the 
Swollen Edges 
in Millimetres. 

Thickness of the 
Middle 

in Millimetres. 

Displacement of 
the Extreme Edge 
in Millimetres. 

Initial Thickness 
in Millimetres. 

Thickness of the 
Swollen Edges 
in Millimetres. 

Thickness of the 
Middle 

in Millimetres. 

Displacement of 
the Extreme Edges 
in Millimetres. 

Constant 

Depressions. 

Action of Heat. 

1100 

0-95 

1-18 

0*93 

9*00 

0*95 

1*54 

0'74 

2*75 

117 

Normal, 

790 

1-36 

1-48 

1*27 

9*00 

1*31 

1*68 

1*03 

4*50 

12 

850 

1*08 

1*16 

1*01 

8*25 

1*10 

1*40 

0*90 

5-00 

6 

>> 

825 

1-01 

1-07 

0*98 

9-60 

1*00 

1*31 

0*82 

4*50 

171 

it 

725 

1-12 

1-16 

1*10 

9*50 

1*09 

1*40 

0*91 

4*75 

123 

a 

660 

1-17 

1*20 

1*11 

9*50 

1*11 

1*35 

0*99 

5*50 

4 

tt 

760 

1*05 

1*15 

1*01 

9*00 

1*05 

1*30 

0*91 

4*25 

4 

ti 

710 

1*09 

1*20 

1*02 

9*00 

1*02 

1*28 

0*90 

4*75 

4 

tt 

665 

1*14 

1*21 

1*03 

9*00 

1*13 

1*56 

0*95 

5*00 

3*6 

i i 

660 

0-98 

1*02 

0*91 

9*00 

1*00 

1*42 

0*82 

4*75 

2 

tt 

640 

.1*03 

1-07 

0-96 

9*00 

1-09 

1*26 

0*89 

4*50 

3*5 


490 

0-94 

0-89 

0*85 

8*25 

0*93 

1*15 

0*82 

3*60 

225*7 

3' 15" 


305 

0*91 








220*5 


0*84 

0*86 

8*00 

0*91 

1*19 

0*78 

4*00 

3' 45" 

I] 

750 

360 

0-fe 

1*19 

0-96 

0-75 

0-92 

6*50 

0*78 

1*22 

0*67 

4*75 

’*9 

Fumes if temper- 
ature be raised. 

uumeas- 

4*25 

1*15 

1*21 

0*91 

5*00 

2 



urahle. 







600 

0-96 

1-21 

0*84 

5*50 

1*02 

1-05 

0*73 

3*76 

50 

19 

455 

1-00 

1-29 

0*91 

unmeas- 

0*94 

0*96 

0*64 

4*50 

222 


465 




iirable. 





3^ 30" 


1-04 

1*08 

1*03 

10*00 

1*01 

1*26 

0*91 

4*50 

7*5 

Normal. 

665 

1-23 

1*35 

1*06 

8-60 

1*21 

1*55 

0-96 

3*25 

9*5 


830 

0-91 

1*13 

0*78 

7*50 

1*21 

1*55 

0*96 

3*25 

1 

At a higher tem- 

1025 

1-15 

1*20 

1*01 

7*25 

1*11 

1*45 

0*77- 

6*75 

0 

perature fumes. 

tt 

825 

630 

1-06 

1*02 

1*25 

0*97 

8*50 

1*16 

1*54 

1*01 

3*25 

'l*5 

At a higher tem- 
perature fumes 
become pitchy. 

1*21 

0*91 

8*50 

1*09 

1-26 

0*82 

4*00 

1*5 

975 

1*07 

1*41 

1*00 

7*75 

1*03 

1*64 

0*89 

4*25 

3 

At a higher tem- 

1050 

1-14 

1*35 








perature fumes. 

1*03 

8*00 

1*16 

1*92 

0*92 

2*50 

5 


950 

1-25 

1*92 

1*15 

4*50 

1*28 

1*73 

1*06 

3*76 

2 

Normal. 

875 

1*07 

1*42 

0*95 

3*50 

1*08 

1*49 

0*90 

2*00 

2 


650 

1*04 

1*35 

0*91 

2*50 

1*03 

1*32 

0*91 

2*75 

3*5 

99 

600 

1-25 

1*44 

1*17 

4*50 

1*42 

1*86 

1*08 

4*00 

1*6 

tt 

772 

1-38 

1*88 

1*25 

10*00 

1*38 

1*56 

1*29 

7*75 

2*22 

3" 

99 
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Physio Aii 


- 







SP 

(D 

B 

B 

Commeuciab Goods the Composition op wmcn was given b\ 



' ^ S 




the Factory. 



C 

cs-g 








l| 

U 

li 


1 

1 


1 



li 

o ^ 
mco 

1^ 

- ® 

Consecutive 
Number of 
Sample. 

Rubber. 

Sulphur. 

Quantities and Nature of tlie 
Substances added. 

. 

ensity given 
the Factorj^ 
after 

Manufacture 

Density foun 
2^ Years 
aftervsrards. 

at 

C H' 
n 

1 






P 





Pr. Ct. 

Pr. Ct 

Pr. Ot. 


, 0 '990 

0 991) 

33-5 


1 

91 

g 

0 


201- 

2 

82 

8 

10 

Chalk. 

1-100 

1-111 

40 

230 

3 

43 


7 

.45 

Vulcanised oil. 

Zinc oxide. 

1-400 

1-490 

21 , 

349 


47 

7 J 

27 

Chalk. 

1-400 

1-500 

38*5 

124 



19 

Zinc oxide. 




5 

66" 

0 - 

16 

9 

Antimony sulphide. 
Chalk. 

1-200 

1-304 

43 

173 



V. 

9 

Ziuo oxide. 





6 

, 70 

7 

23 

Chalk. 

1*165 

1-222 

15 

86 

7 

92 

0 

8 

Metal (1). 

0*999 

1*111 

16 

25 

8 

: 71 

7 / 

16 

Chalk. 

1*450 

1-660 

31*5 

63 


6 

Zinc oxide. ! 







6 

Viiloanised oil. 





. 9 

58 

4 

30 

5 

Chalk. 

Metal (1). 

1-216 

1*330 

12 

33 




1 

Pasta (’2j. 





10 

36 

6 j 

4 

27 

Vulcanised oil. 

Chalk. 

1*560 

1*720 

37-5 

183 



1 

27 

Zinc oxide. 








6 

Vulcanised oil. 





11 

31 

4 

15 

Chalk. 

1*600 

r-806. 

36 

145 

40 

Zinc oxide. 







l 

2 

Pasta (2). 







r 

4 

Vulcanised oil. 








10 

Chalk, 





12. 

39 


3 

3 

• Zinc oxide. 

Metal (I) 

1-650 

1-920 

24 

81 





Paraffin. 








32 

Fluor spar. 







\ 

. 8 

Mixture (3). 








■ 8 

Antimony sulphide. 








6 

Vulcanised oil, 

not given 
by 




13 

21 

0- 

52 

i 

Chalk. 

Paraffin. 

1*760 

41*5 

116 





Pasta. 

factory. 







. 11 

Regenerated. 







f 

40 

Chalk. 





14 

30 


25 

3 

Zinc oxide. 

Metal (1). 

id. 

1-903 

38-5 

161 




2 

Pasta (2). 







( 

■ 18 

Chalk. 








3 

Metal (1). 





15 

30 


2 

Pasta (2). 

id. 

.2 041 

22*5 

61 1 




35 

Fluor spar. 








= 12 

Lead oxide. 






- - Explanation of the Signs : + Augmentation ; 
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IN THEIR EXPERIMENTS ON VULCANISED RUBBER AND EBONITE. 

Experiments. 



Alteration of Shape under 
Strong Pressure. 

Alteration of Shape under 
Eepeated Blows of the 
Hammer. 

Insulating 

Power, 


.5.3 

II 

3 iH 
^•2 











is 

n 

0) 

a> 

f £ 

i§.g 


II 

i| 

Ip 

o ®-S 

ill 

Constant 

Action of Heat. 

.13 S 


IsS 

las 


§135 

Depressions. 




"Spa 

•s 

g“.s 

■s a 

I .9 

t«p 

p Oj-tS 
•2 




llf 

Q ®-S 



675 

1-36 

1*62 

1'29 

9 

1*42 

2*04 

1*18 

2*75 

200*6 

Normal. 

600 

1*26 

1-75 

1-24 

5-50 

1*32 

1*72 

1*08 

]*50 

98 

it 

580 

MO 

1-27 

1'04 

7*5d 

1*14 

1*48 

1*02 

4*75 

16*5 

At a high tern- 











, peratiire gives 











off fumes, and 
the gum be- 

160 

1-18 

1*25 

1-04 

5*25 

n*28 

1*42 

1*07 

4*50 

36*5 

comes yellow. 
Becomes brittle, 











changes colour. 

235 

MO 

1*20 

1-03 

6-50 

1*09 

M6 

1*01 

5 

120*5 

Becomes soft and 

190 

1-26 

1-32 

1-16 







spongy at 150° 
0. (302° P.). 

7-26 

1*29 

1*36 

1*10 

5*25 

146 

Becomes hard 

110 

1-21 

1-06 

0-91 


... 





and brittle. 

7‘50 

1*24 

1*01 

0*90 

6*25 

6 

Becomes bard 

145 

0-39 



(12*50) 






and still more 
brittle. 

0-76 

0*82 

7-50 

0*92 

0*87 

0*76 

7 

221*5 

Tntumesces and. 





(13*25) 





after 4' 15" 

becomes brittle. 

110 

1*12 

0-82 

0-87 

9*25 

1*15 

0*86 

0*82 

9*24 

15 

Still more brittle 





(14) 






than the pre- 
ceding. 

550 

1*29 

1-35 

1-20 

7*75 

1*29 

1*64 

1*12 

4 

167 

From 40° to 50° 











O. (104° to 122° 

P. ) shrivels and 

310 

1-34 

1-41 

1-27 

6*50 






becomes brittle. 

1*38 

1*46 

1*24 

5*25 

250*5 

Shrivels. 

270 

1-25 

1*21 

1-04 

6*50 

(12*50) 

1*24 

1*08 

1*05 

7 

247 

Becomesverysoft. 

140 

1-16 

0-91 

M8 

6*25 

1*23 

1*07 

1*03 

9 

(12) 

134 

Becomes spongy 
and brittle above 










130° (266° P.). 

125 

1-27 

0-78 

1-07 

8*25 

1*24 

1*06 

1*03 

9*25 

101 

Becomes brittle. 





(14*60) 




(12*60) 



no 

1-31 

0-88 

0-90 

8 

1*32 

1*22 

1*04 

8*26 

226 

Becomes spongy 





(16-50) 




(12) 


and brittle. 


*7- dhninution ; - no change. 
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TABLE LXVIII.— RESULTS OBTAINED BY HEINZEELING AND PAHL 


1. Chemical 


C. Samples of Ebonite prepared from tub Authors' Data. 

1 

1 

Action 

of 

Sulphuric 

Acid. 

Consecutive 
Number of 
Sample. 

Rubber. 

Sulphur. 

Quantities and Nature of the 
Substances added. 

Density. 

Alteration 

in 

Weight. 

XXXIIL . . 

XXXIV. . . 

XXXV. . . 

XXXVL . . 
XXXVII. . . 
XXXVItl. . 

. XXXIX. . . 

XL 

XLI. . . . 

XLII. . . , 

XLIII. . . . 

XLIV. . . . 

Percent. 

80 

60 

50 

60 

40 

70 

60 

40 

10 

40 

10 

65 

Per Cent. 
20 

20 j 

20 4 

20 ^ 
20 

20 

20 

20 j 

20 4 

20 *1 

20 1 
35 ^ 

Per Gent. 

0 

10 

10 

15 

15 

20 

40 

10 

20 

10 

30 

10 

60 

. 10 

30 

10 

60 

... 

Terebenthine.i 

Rosin. 

Terebenthine, 

Rosin. 

Bitumen of Judea. 
Bitumen of Judea. 
Mercury sulphide. 
Mercury sulphide, 
Terebenthine. 

Calcic hydrate. 
Terebenthine. 

Calcic hydrate. 
Terebenthine. 

Calcined magnesia. 
Terebenthine. 

Calcined magnesia. 

1-095 

1-177 
1-3S4 , 

1-275 1 

1-311 

1-203 

1-428 


Per Gent. 
2-028 

+ 15-133 

-f 2-018 

+ 28*531 
-r 9-504 
~ 3-225 
+ 17-551 

2*603 

-r 7-880 

-r 4-203 

8-333 


Explanation of the Signs: + Au^nentation ; 


2. Physical 


0. Samples op Ebonite prepared from tub AinruoR’s Data. 




















J“| 

ISs 



Sulphur. 




Remarks. 

®.s s 

(§s| 

Consecutive 
Number of 
Sample. 

Rubber. 

Quantities and Nature of the 
Substances added. 

Density. 


.III 

11 

CJ 

osa 

il 


Pr. Ct. 

Pr. Ct. 

Pr. Ot. 






XXXIII. . 

SO 

20 

0 


1*095 


43-5 

105 

XXXIV. . 

60 

20 i 

10 

10 

Terebenthine. 

Rosin. 



15 

142 

XXXV. . . 

50 

20 4 

15 

15 

Terebenthine. 

Rosin. 



12 

46 

XXXVI. . 

60 

20 ^ 

20 

Bitumen of Judea. 



17 

69 

XXXVII. . 

40 

20 

40 

Bitumen of Judea. 



24 

244 

XXXVIII. . 

70 

20 

10 

Mercury sulphide. 

1-177 


32-5 

197 

XXXIX. . 

60 

20 

20 

Mercury sulphide. 

1-384 


61 

341 

XL. . . . 

40 

20 I 

10 

30 

Terebenthine. 
Calcic hydrate. 

1-275 


22-5 

122 

XLI. . . . 

10 

20 1 

10 

60 

Terebenthine. 
Calcic hydrate. 

1-311 


10 

56 

XLIT. . . 

40 

20 1 

10 

30 

Terebenthine. 
Calcined magnesia. 

1-203 


31-7 

390 

XLIII. . . 

10 

20 1 

10 

60 

Terebenthine. 
Calcined magnesia. 

1-428 


25-9 

272 

XLIV. . . 

65 

36 





excel- 

excel- 








lent. 

lent. 


« 1 Preaumahlj" turpentine oleo-resiu. 
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IN THEIR EXPERIMENTS ON VULCANISED RUBBER AND EBONITE. 
Expbbimbnts. 


Action of Acetic 
Acid. 


Action of Caustic 
Soda Lye. 


Action of 
Ammonia. 


Action of 
of Mineral 

Colza Oil. Lubricat' 


Per Cent. Per Cent. Per Cent. Per Cent. 

Per Cent. 

+ 

0-746 - -r 

2-692 - 


0-490 

■7- 

3-501 - ^ 

1-426 - 

+ 

0*611 


4-989 - 4- 

0-187 ~ 

+ 

0-428 


7*345 -- 4- 

0-112 - 

+ 

0-344 

T- 

9-127 - 4- 

3-192 - 

+ 

0-478 


0-114 - 4- 

3-182 - 

4 

0-406 

-- 

4- 

2*361 - 

+ 

0-281 

+ 

25*454 - 4- 

1-404 - 

4 

0-689 

+ 

61*148 4- 2 064 ■4- 

14-146 4- 1*351 

4 

8-198 

-r 

1*296 - 4- 

1*278 - 

4 

0*396 

-1. 

2-886 - 4- 

0-539 - 

4 

0-396 


— 4- 

0-646 - 

- 



1'428 - 


-s- diminution ; - no change. 
Expebiments. 


Alteration of Shape under 
Strong Pressure. 


Action 
of a 

Mixture 

of 

Mineral Oil 
90 per 
cent., and 
Tallow 10 
per cent. 

Action 

of 

Coal Gas. 

Alteration 

in 

Volume, 

Alteration 

in 

Volume. 

Per Cent. 
4 20-000 

Per Gent. 
+ 11-629 

4 2-932 

+ 11*339 

4 6-293 

4- 8*053 

4 26-086 
4 16-883 
4 41-768 
4 33-707 

4 11*804 
4 10*062 
4 8-571 
H- 0*581 

4 20-000 

4 9*311 

4 7-284 

4 7*296 

- 

4 7*472 

— 

4 4*510 

- 

4 3*569 


Alteration of Shape under 
Eepeated Blows of the 
Hammer. 


Constant 

Depressions. 


Action of Heat. 


145 

1*25 

1-44 

1-17 

4-50 

. 1-26 

1-23 1 

175 

2-30 

1*71 

— 

10-50 

2-38 

2-25 

135 

1-04 

0-89 

0*89 

11-50 

2-07 

1-57 

145 

1-67 

1*65 

1-66 

11 

1-92 

1-67 

175 

1-72 

1-54 

1-55 

12*25 

2-81 

2*24 

185 

0-96 

0-86 

0-87 

10 

0-93 

0-87 

190 

0-91 

0*89 

0-89 

10 

0-95 

0-93 

276 

1-20 

1*42 

1-02 

7-50 

1-22 

1-41 

285 

1*56 

1-67 

1-21 

3*50 

1-36 

broken 

105 

1*32 

0-79 

0*89 

12-50 

0-97 

0*76 

101-25 

0-61 

0-50 

0-50 

11*25 

0-62 

0*55 

iTiiltnown. 

1-27 

1-27 

1-27 

10 

1-25 

1*29 


220 

after 3' 45" 
218 

after 3' 15" 
68 


Normal. 

Disen gages fumes- 

Becomes soft. 

)) 

h orraal, 

it 

Disengages H2S. 

it 

Normal. 
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DynaviornetHcal — Th& testing of rubber, — The iiidiai’ubber articles commonly 
employed are subjected to complicated mechanical stresses, which vary with the 
use the articles are put to. Their behaviour in each case is highly variable, as 
are the. stresses, and it will be necessary to consider simple cases in order to draw 
simple conclusions concerning their mechanical properties. In the first case we 
will consider the modifications of form, volume, etc., which occur when a certain 
volume of rubber is subjected to strains along a known direction, where the 
defiections can be measured with exactitude. The stress may be caused either by 
extension or compression, and these are the two most interesting and easy cases to 
examine. We will take first of all the case of rubber subjected to a tensile strain. 
In by far the majority of cases the articles supplied by factories to their customers 
ai’e in their daily use subjected more or less to mechanical strains, and it is essential 
that users should satisfy themselves that the articles are adapted to support such 
strains. This cannot be done without a dynamometer, which will subject their 
materials to an accurate test in conditions approximating as closely as possible to 
those to which they will be subject in use. These conditions are extremely variable. 
It must be an accurate and convenient apparatus, capable of supplying all possible 
data by means of the tests which it furnishes. Nothing is more difficult than to 
fulfil the conditions which are essential for the contrivance of an apparatus of this 
kind. One apparatus for the industries concerned consists of the new P. B. dynamo- 
meterj which enables woven fabrics, indiarubber, wire, cord, thin sheeting, etc., to be 
tested j it can be used for tensile tests, compression tests, bending tests, slow ot 
repeated tests ; it will serve for tests of abrasion, for determining the coefficient of 
friction, plasticity, etc. By its aid tests can be carried out at ordinary atmospheric 
temperature, or at temperatures above and below that of the surrounding air. Finally, 
diagrams, which are automatically traced out, may combine all the interesting 
coefficients of the above-mentioned tests. 

The dynamometer illustrated is horizontal. It consists of a solid cast-iron 
table jtJ, faced perfectly true in its upper part, which rests on two strong cast-iron 
legs stiffened by cross-stays ; on the table are the two princijDal parts of the dynamo- 
meter; the apparatus producing the stresses and the appliance for measuring 
them, 

(a) Appliance for nieasw'mg the stresses,' — In its design, balance levers, which 
are very cumbersome without being more .accurate than the special steel spring' 
adopted, were put on one side. A well-gauged and thoroughly tempered spring, 
not working under a maximum load, which crushes it down completely, is a highly 
accurate and very convenient measuring ai:)pliance. The spring a is compressed 
against a small cross-piece by a rod passing along its axis and carrying 
one of the locking jaws e, for the test pieces. On this rod there is gripped, 
between two nuts, a cam b, which governs a rack the latter rotating a gear 
wheel h with vertical shaft. On the shaft of this gear wheel is fixed a needle 
which shifts along graduation marks m. When .the test piece breaks, the spring 
expands, but leaves the needle j in its j)osition ; consequently the breaking load can 
always be j^recisely read off. Every measuring apj^liance must be capable of being 
thoroughly checlced from time to time. To provide for this checking the measuring 
spring is fitted between two small columns x' which connect the two small cross- 
pieces. The end cross-piece carries an eye-bolt 7&, and the whole of the spring of the 
two cross-pieces may be unbolted and taken off the apparatus. By suspending the 
whole to a hook by the eye-bolt A, and hanging marked weights on the clamp e, the 
apparatus for measuring the dynamometer strains may therefore be tested at all 
times. 

(b) Strain producing apparatus. — The piece to be tested (by tension, for 
instance) is locked • between the two clamps e and /, as shown on Pig. 94, This 
latter jaw is connected with a slide </, which in turn is connected with another slide 
0 by a screw n. This screw is actuated at two speeds \ at the higher speed (when 
desired to operate quickly) by means of the horizontal hand-wheel carried on the 
support 0 ; this wheel controls the screw by a bevel gearing ; at the smaller speed 
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(wlien a great pull is to be developed) by means of a tangent screw actuating tbe 
gear wheel carried on the front of the support o. 

(c) Oscillating apparatus. — The two' parts g and o may be locked on the table 
or loosened as desired. To the lower part of o is attached a connecting rod con- 
trolled by an eccentric wheel. If therefore the two slides g and o are set free, and 
this eccentric wheel is put in motion, a series of repeated tensions may be exercised 
on the test piece. The width of travel may be varied by altering the position of 
the crank pin on the eccentric wheel. The eccentric wheel is carried at the end of 
a horizontal shaft, at the other end of which is keyed the gear wheel r, operated by 
a tangent screw s : on the spindle of this latter is fitted a three-step cone capable of 
giving varying speeds, and a small motor of some kind (preferably electric) can 
operate the whole by means of a small belt. A crank may be used for the same 
purpose. The eccentric wheel may be raised or lowered vertically ; the purpose of 
this will be seen below. 

(d) Tensih tests at varying temperatures. — To carry out tensile tests at the 
ordinary temperature the pieces are locked between the two clamps. These clamps 
have channels of increasing depth from their end to the bottom in order to avoid 
cutting the fabrics and indiarubber ; moreover, other locking devices may be fitted 
when it is required to test hard bodies, such as ebonite and steel wire ; channeled 
wedge locking-pieces are then used. For hemp cords small drums are employed. 
All these are absolutely indispensable precautions for obtaiming correct results. When 
it is desired to test pieces of various materials by tension at a temperature differing 
from the atmospheric, these pieces are placed in a vat containing a liquid which 
may be heated or cooled. The clamps then have a bend to enable them to pass 
over the edge of the vat. 

(e) Compression tests at various temp&ratures. — Compression tests are very well 
carried out by the dynamometer by fitting up between the clamps e and / a small 
so-called reversion appliance, which contains fom' plates coupled in pairs, and 
arranged in such a way that when the outside plates move apart the inside plates 
draw together. The pieces to be compressed are arranged between these two latter 
■ plates, and the test is carried out without any difficulty, with convenient measure- 
ments of the stresses and deformations. These tests may be made cold or at various 
temperatures under the same conditions as the tensile tests, and on bodies of every 
'kind. 

(f) Elasticity tests. — The plastic materials employed in industry are legion. Their 
chemical constitution is perfectly well known, but when their characteristic feature, 
l^lasticity, is in question, there are hardly any data available. The dynamometer 
P. B. system here once more fills a gap. It allows of measuring with precision the 
plasticity of soft bodies. For this purpose the latter are enclosed in a small 
cylinder shut at the bottom by means of a plug in which a hole is drilled. On the 
soft body (wax, plastic mixture, etc.) a piston is rested, which rises without friction 
in the cylinder, and it is noted what 23ressure is required to make the soft body flow 
out through the aperture in the plug, and what quantity of matter can flow out in’ 
a given time. To make the test the arrangement is fitted up in a small reversion 
appliance as for compression. The plasticity test may be made cold or hot. Special 
attention is asked to the importance of this most essential point. 

(g) Repeated bending tests. — The work to which certain parts are subjected when 
in use is not only the result of slow stresses, but, above all, repeated stresses. That 
is why this dynamometer is jirovided with all that is required for carrying out 
tension, coinj^ression, and rei3eated flexion tests. The apparatus for bending 
tests is somewhat different from that for tension and compression. Take for 
instance a layer of woven fabric in a i3neumatic tyre, and see how it behaves under 
use. In the first place the fabric is distended by the pressure of the air in the inner 
tube, and afterwards, in use of the tyre, this fabric will have to undergo repeated 
bending. It is essential to approximate to these combined modes of strain and stress 
when required to test pneumatic tyre webbing. 

The dynamometer in question admits of doing this with facility, and is 
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applicable to many similar cases. For tbis purpose tbe fabric (or any piece of india- 
rubber, cord, thin sheeting, etc.) is first drawn out to a known tension by means 
of the ordinary tension jaws e and / of the dynamometer. On the frame of the 
dynamometer a small column is placed carrying a slide provided with two rollers, 
between which the strip of fabric to be bent passes. This slide is moved on 
both sides alternately of the run of the strip of fabric (or on one side only if 
desired) by means of a small connecting rod operated by the eccentric wheel 
already referred to. It will be clearly seen that the strip may thus be indented by 
known quantities, and the number of bendings noted before it is disrupted. The 
information which may be gained in this way is of the utmost importance. It will 
be observed that the clamps e and/ of the apparatus are fitted on horizontal shafts, 
which allow the strip to oscillate within perfectly defined and accurate limits. By 
this arrangement it can be ascertained what range of stresses in the distended strip 
correspond to a defoi'mation in that strip. The speed and width of the deformations 
can be varied just as in the tensile or bending tests already referred to. 

(h) Abrasion tests and determining coefficients of friction, — One of the most 
important features of this dynamometer relates to the possibility of deter- 
mining by its aid both the wear and tear and the coefficient of friction of woven 
fabrics, indiarubber, wood, metal, etc. The following is the procedure adopted to 
this end : — 

On the table of the dynamometer a small column is placed carrying a graduated 
double-arm lever arrangement, along which an index moves, to which a marked 
weight may be suspended. This lever is supported on a vertical rod accurately 
guided in the column, and on its lower part this rod carries a piUow which 
presses on the piece to be abraded. This test piece may be of any kind ; when 
it is a long, soft body, it is held between the two clamps e and/, drawn out to a 
suitable tension, and the pillow on the above rod pressed upon it. On the other 
hand, the rim of the eccentric wheel is provided with a removable abrasion crown, 
and contact made between the bottom of the strip to be abraded and the abrading 
crown. The process of operation will be immediately understood ; the eccentric 
wheel wears down the test piece, whether it is a fabric, a rubber strip, an ebonite 
rod, or a metal strip, under conditions of speed and friction surface which may be 
varied as required. But the lever applying the pillow indicates the pressure under 
which the abrasion takes place j this pressure is evidently a highly important factor 
in the wear, and this wear is ascertained by the loss of weight of the substance 
tested after a certain number of wheel revolutions. The coefficient of friction of 
the substance tested is easy to determine, because, under the action of the abrading 
crown, the strip tends to pull on the dynamometer spring ; the variation of tension 
caused by this action will be read off immediately on the appliance, and, on being 
referred to the initial tension to which the strip is subjected, will give the coefficient 
of friction of the latter. (1) F erf orating tests in fabrics or soft suhstamces, — A 
strip of fabric or indiarubber drawn tight, as in the abrasion test, can be perforated 
or cut without difficulty if, at the end of the pressure rod, a needle point or knife 
be fitted ; and the value of this arrangement lies in the fact that, on the one hand, 
tests of this kind can be carried out on a strip the degree of tautness of which is 
known, and with a precise measurement of the perforating pressure ; and that, on 
the other hand, the perforation or the cutting can be carried out on the free strip 
without support, or on the strip supported on the eccentric wheel. An approxima- 
tion is thus made to what would take place in many cases in practice. The 
dynamometer is thus adapted for tests of an exceedingly wide range, and is thus 
so far superior to the ordinary djmamometers used in industry. Its value is still 
further enhanced by the fact that it can supply a faithful record of the tests carried 
out. This is effected by a diagrammatic record of the slow tensile and compression 
tests, owing to an improved record apparatus fitted on the table of the appliance. 
This recorder consists of a drum which can revolve as a function of the deforma- 
tions of the pieces tested, by means of a wire which accurately follows the 
deformation at two points in these pieces, A special arrangement of tongs is 
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provided for this purpose. On the recording drum a tracing pen runs, follo’wing 
and enlarging the deformations of the measurement spring of the apparatus. 

Fig. 95 shows^ the dynamometer, as fitted up for carrying out the principal 
tests for wliicli it is designed. ^ 

Fig. 96 lepresents the dynamometer installed for a tensile test on indiarubber 
or a fabric. The test piece subjected to tension can be submitted to alternating 
tensile force by means of the connecting rod, which can be driven at different 



Fig. 96. — Dynamometer for the tensile testing of indiarubber. 


goeeds by the wheel operated by the tangent screw and the large pinion. The 
figure also shows the recording appliance. 

The small wire bridging connects points on the two jaws, which follow the 
sketch of the strip, between two standard points, passes along the small support, 
whi^ is plumb with the drum, and goes on from this point to operate the latter. 

Fig. 97 shows the dynamometer as installed for compression tests. These tests 



Fig. 97. — Dynamometer for compression tests. 


are carried out by means of a four-plate apj)liance, which reverses the direction of 
tension of the dynamometer, and enables a test piece to. be crushed between its 
middle plates. The bent form of the parts attaching this reversing aiDpliance to 
the dynamometer clamps has been adopted to enable hot compression tests to be 
carried out. The small trough or tray used for these tests, with its gas connections, 
is supported against one of the legs of the appliance. The connecting rod and 
eccentric wheel allow these compression tests to be carried out on a continuous 
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system. On the dynamometer bench there will be observed a small piston and the 
cylinder used for tests on plastic bodies. The compression diagrams can be made 
in the same way as tension diagrams. The recorder has been taken off for the 
purpose of photographing. 

Fig. 98 shows the dynamometer equipped for carrying out tests on fabrics or 
other substances by means of repeated bending. For this purpose the large con- 



Fig, 98, — Dynaraonieter for repeated bending tests. 


necting rod is taken down and a small one fitted in its place, and, on the other 
hand, on the bench of the apparatus there is fitted a support with slide carrying 
two rollers, between which the specimen to be bent passes. This specimen is 
previously drawn tight between the two locking jaws, and the bends give it an 
additional tension until it breaks. The bends may vary in width as required up 



Fig. 99. — Dynamometer for abrasion tests. 


to 50 millimetres, the slide of the large wheel being graduated and allowing of 
accurate measurement of this width. The clamps are jointed on their shafts and 
follow the bends of the fabric. 

Abrasion tests, — Fig. 99 represents the dynamometer arranged for abrasion tests 
on various specimens. The specimen mounted in and seen on the figure is [a strip 
of fabric. This strip is first drawn to a given tension between the clamps, and the 
eccentric wheel is then placed so that the upper part of this rim forms a. tangent to 
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the tension shaft ; it then comes into contact with the specimen piece to be abraded. 
On this latter is brought to bear a surfaced pillow, which is pressed against the 
fabric by means of a vertical rod guided in a bearing, the pressure being known 
and regulated by means of a balance lever loaded with a weight, which can be 
varied as desired. The eccentric wheel is put in motion, and with it the fabric, 
the latter exercising an additional tension on the measuring spring. This 
additional tension, divided by the weight pressing on the fabric, immediately gives 
the coefficient of friction between the fabric and the rim of the wheel. This rim 
may be covered with emery cloth or any other abrading substance. As it consists 
of a dismountable rim held laterally by two hoops, it may be replaced as desired by 
the operators, and the appliance attached to the screw, so .that the lever is always 
horizontal,- which is shown by a small index ; in this way the fabric will be perforated, 
and the load causing the perforation noted. 

Fig. 100 represents the dynamometer installed for abrasion tests, and in front 
of it are exhibited all its numerous accessories. The tracer pencil holder is driven 
by a cam cast on the tensile clamp attached to the measuring spring, and records 
the compressions of the spring along the generating lines of the drum, and con- 



Fig. 100, — Dynamometer with all its accessones for abrasion tests. 

sequently the stresses exercised. The diagram is thus traced automatically, which 
is of capital importance in a mechanism of the land with which we are dealing, 
hand-traced diagrams being generally defective. The spring which serves for the 
measurement of the stresses of the appliances can easily be removed, and may be 
of varying power. In the dynamometer represented on the preceding figures there 
are available three springs, measuring 50, 200, and 1000 kilos, respectively. The 
sensitiveness of the appliance is therefore variable as required and according to the 
nature of the test, which is of great advantage. Of course there is a graduation of 
each spring on the dial of the apparatus, and the same needle allows of reading off 
on the three scales, by aid of an alidade fitted with crossed threads in which this 
needle terminates. The person in the illustration standing beside the apparatus 
shows the comparative size of the latter and its parts. 

Patent mhher tester (System Schopper^JDaUn .) — For mechanical tests, i.e. for 
ascertaining the strength and elasticity of rubber, a new apparatus suitable for 
testing rubber on the basis of the lever construction of strength testers, has 
been devised. The difficulty encountered in mechanical tests was, at the suggestion 
of Professor. Dalen of the Royal Testing Institute at Gross-Lichterfelde, overcome 

17 ' 
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by employing for tbe tests ring-shaped test bodies instead of strips. This idea in 
conjunction with that of Schopper to move the ring-body positively proved to be 
excellent one, and the apparatus now in question meets, in the most perfect manner, 
all demands to be made from the point bf view of material-testing technics. It 
admits the exact establishment of the strength and elastic qualities of rubber in 
figure values, the exact determination of which had, hitherto, been found to be 
a matter of impossibility. The ring-shaped standard test bodies are cutout of 



Fio. 101. — Machine for indiarubher tests (L. Schopper, Leipzig). 

vulcanised plates on a cutting press. If it is necessary to test the quality of trial 
mixtures in the laboratory mechanically, trial plates are first vulcanised by means 
of devices accompanying the apparatus; then the standard bodies required for the 
test are cut out of them, or the material to be tested is vulcanised in annular 
moulds. . 

The apparatus is worked by water power, is fitted with the return valve, 
System JMartens, and can be joined to any water pipe of about three atmospheres 
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pressure. At the moment of rupture, the weight-lever and the stretch-pointer 
are cut out automatically. An accurate record of strength and stretch, therefore, 
is given. In order to bring the apparatus to a standstill at any time in the 
course of the test, the steering valve is equix)ped with an instantaneous regulator- 
cock. 



Fio. 102.— Cutting press for making standard test samples with two circular knives. 



CHAPTER XII 

RUBBER SUBSTITUTES— IMITATION RUBBER— ANALYSIS OF 

INDIARUBBER 

The higlL price to whicli rubber often rises, from one cause or another, has 
stimulated manufacturers to try to find whether it were not possible to replace this 
substance, wholly or partially, by cheaper natural or artificial products with 
analogous properties. 

Elaterite — Coorongite , — Nature yields few substances capable of being used 
directly as substitutes for the solid hydrocarbides called rubber. That is why we 
simply mention the fossil ruhher of Faujas de Saint Fond, found in the natural 
fissures of the Oastleton mines, — a blackish, bituminous, compressible,, even elastic 
substance resembling pieces of old leather, which was afterwards, under the name 
of Elaterite^ shown to occur in the quarries in the neighbourhood of Angers in 
France, and of Newhaven, Connecticut, U.SA. But this- substance, only met with 
accidentally, and in infinitely small quantities, in the two localities above 
mentioned, is found at Coorony, Adelaide, and in South Australia, and is an 
article of commerce thex’e. It has not been suflficiently examined to decide 
definitely as to its vegetable origin. It is found in rather thick deposits, in the sand of 
certain locaKties. Some authors assert that this product is simply the dried juice 
of a defunct vegetation, transformed by heat and the pressure of the deposits in 
which it is enclosed into resino-bituminous masses. Others attribute it to a mineral 
origin identical with that which produces naphtha and petroleum. Elaterite is a 
hydrocarbide of specific gravity of 0*982 to 0*990; it rather resembles certain 
varieties of rubber ; it is soft, elastic, and ductile, burns with a fuliginous flame, 
but with no smeU ; it is adherent, but does not soil the hands ; its natural smell is 
that of rubber, and it is easily cut, A finely cut lamina examined by the microscope 
exhibits a cellular, granular structure, traversed by a fibrous matter, just like a 
dried mushroom. This fact confirms the vegetable origin of coorongite, but it is 
difificult to conclude that it is simply the result of the heating and compression 
of vegetable tissue altogether altered in its nature, or that it is the dried juice 
of some plant. On dry distillation it yields 82 per cent, of gaseous and liquid 
hydrocarbides (Heinzerling). The special technical literature gives no indication 
of the direct use of this substance, but there is every reason to believe that it is 
used as an ingredient of certain inferior quality rubbers. There are no facts to 
prove the utility of such a mixture. 

The list of natural rubber substitutes is therefore not a long one. It is not so 
with imitation rubbers, preparations due to the ingenuity of inventors or manu- 
facturers: these products are more or less similar to rubber in some of their 
properties. Imitation rubbers generally have drying oils as basis, e.g. linseed oil, 
walnut oil, etc. (this latter oil is too dear, and is only mentioned to show that the 
same results can be got with it as -with, linseed oil). Receipts are innumerable ; 
each maker has his own sleight-of-hand ; practice and experience play an important 
part, and an irreproachable imitation is not made on the first attempt. Numerous 
experiments are necessary to arrive at right proportions and proper temperature. 
It is not intended to enumerate all known and proposed receipts for making 
imitation rubber. Published receipts are generally obsolete, fit to guide beginners in 
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practical researches, but not suflScient for immediate and profitable use in trade. 
It will suffice, therefore, to describe the preparation of the two jprincipal varieties 
of imitation rubbers in most general use, namely — (1) oxidised oils; (2) viib 
canised oils. 

1. Oxidised ails — Sacds experiments on action of nitric acid on linseed oil , — 
Sacc, whilst studying in 1846 the saponification of linseed oil by caustic soda, 
examined the action of nitric acid on that oil. When 100 parts of linseed oil 
and 200 parts of nitric acid, diluted with four times its volume of water, are 
gently heated with continual stirring, the oil assumes a brownish red colour ; there 
is abundant disengagement of nitrous vapours, the oil thickens, and after four 
hours the mass acquires a very decided syrupy consistency. Caoutchouc des liuiles,-^ 
L. Zonas, resuming in 1848 the experiments of Sacc, set fire to linseed oil previously 
viscous, then, after having partially burnt it, he treated the residue with dilute 
nitric acid. This was the beginning of oxidised oil rubber substitutes (caoutchouc 
des huiles). Collier and Rattier* s attempts, — ^In 1854, F. Sollier, whether ignorant 
or not of these laboratory experiments, took in hand researches with the object of 
preparing from linseed oil a product capable of reifiacing rubber in some of its 
essential applications. Rattier patented a product of the same origin. Present 
processi—K certain proportion of linseed oil is heated until it is converted into a 
brown viscous mass. To thus convert 10 kilos, (say 22 lb.), it is necessary to 
heat for at least twenty-four consecutive hours. The viscous mass is afterwards 
treated in the hot state for a few hours with nitric acid until it has assumed a 
thick plastic consistency, and when cooled in the air becomes solid. The product is 
freed, from excess of acid by kneading it for some time in a rather weak alkaline 
lye until it no longer has an acid reaction. When cold it exhibits tlie ajjpearance 
of natural rubber ; it is rather elastic, softens in hot water, and, unlike rubber, 
becomes plastic like gutta percha. It is soluble in spirits of turpentine, carbon 
disulphide, and alkalies. Acids precipitate it unchanged from its alkaline solution. 
The product was at once utilised for manufacture of waterjoroof canvas, imitation 
leather for saddlery and carriage building, and travelling articles of a suj)pleness 
and fitness leaving nothing to be desired. Its use, although less and less consider- 
able for some time back, is still in vogue, and if it be but rarely used alone, it is 
still sometimes added to articles made from pure rubber. As it adheres perfectly 
to aU fabrics without injuring them or penetrating them too deeply, the manu- 
facturers of waterproof canvas often resort to it. It may also be applied without 
any difficulty to wood, to stone, and to metals, and in so doing it contracts a most 
remarkable adherence.^ 

2. Vulcanised oils. — Kickles and Rochleder first observed the action of sulphur 
chloride on fatty oils, by which they are transformed into a rubber-like substance. 
Mixed with any vegetable oil, sulphur chloride immediately converts that oil, almost 
at the ordinary temperature, into a solid, sometimes very hard substance. 

Parked patent — Parkes, to whom the process of vulcanising rubber by sulxfiiur 
chloride is due, patented a process for vulcanising linseed and rape oils, also by 
sulphur chloride (British Patent, 22nd October 1855 ; No. 2359). 

^ Roussin*s researches. — In 1858, Roussin communicated to the Academy of 
Sciences the result of his researches on the action of sulphur chloride on oil (29th 
November). One hundred parts of linseed oil and about 25 parts of sulphur chloride' 

^ Although nitric acid and linseed oil as described above yield a product somewhat 
analogous to the one next to bo described, namely, that obtained by the action of sulphur 
chloride upon oils, yet in the latter case it would appear to bo the'hulphur whicli is the active 
agent, which explains wliy we can get a similar, if not the same, substance by using either drying 
or non-drying oils in the present case. However, in the solidification of linseed oil by oxidation 
by nitric acid, we are confr'onted with a rapid oxidation process exclusively confined to those 
oxidisable principles which are only found in drying oils. The oil is first heated so far as to 
render it viscous ; it is then boiled for a long time with dilute nitric acid. A solid elastic 
brown substance, which does not stick to the fingers, is obtained, analogous to caoutchouc, whence 
its name of llaclc artificial rubber. The same substance is obtained with the difierent drying 
oils, but in proportion to the intensity of their drying properties. Linseed and walnut oils 
yield eight to ten times as much as poppyseed oil. — Tn. 
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yield a compound possessing the maximum of hardness. One hundred parts of linseed 
oil and 15 to 20 parts of sulphur chloride yield a more supple product ; whilst 100 parts 
of oil and 5 of chloride thicken the oil, but do not harden it. . This latter compound 
is soluble in all ordinary oils, but thicker combinations only swell in these vehicles. 
When a certain quantity of linseed oil is diluted with thirty to forty times its 
weight of carbon disulphide, and if one-fourth of the weight of oil be replaced by 
the same quantity of sulphur chloride, a product is obtained which remains liquid 
for a few days. If this solution be applied on glass, wood, etc., the carbon 
disulphide evaporates immediately, and a coat of varnish is soon obtained. Several 
precautions must be taken in order to prgduce mixtures of chloride of sulphur and 
oil possessing the properties just referred to. A sulphur chloride containing the 
strongest possible proportion of sulphur must be selected. This liquid product is 
poured rapidly into the oh, and the mixture agitated in order to obtain a uniform 
mass. Soon the oil heats, the reaction is finished, and the oil hardens or forms a 
soft compound, according to the proportions of cliloride. It is essential only to 
operate on small quantities at a time, and to avoid such an elevation of temperature 
as would volatilise the chloride, produce bubbles, and even blacken or carbonise 
the oil. Sulphur dichloride should never be used ; its action is too strong and too 
rapid j the oil being treated would carbonise very rapidly, and the preparation 
would be irremediably burnt. When the two substances are intimately mixed, the 
product is run on to a glass plate, or upon another plane polished surface, where it 
is equalised, then, after the lapse of five to ten minutes, according to the tempera- 
ture, combination is complete. As a final result a pellicle is obtained, which it is 
easy to raise; one of the corners is detached by the point of a knife, and the 
remainder gently pulled off by means of this corner. Moreover, several of these 
layers may be superimposed, taking care so that they may amalgamate together 
well, to apply one above the other when the latter is cold. In order to ensure 
perfect amalgamation, moisture must be avoided, which decomposes the chloride 
and prevents adherence. By working as just described, solid plates are obtained 
capable of being used in making numerous articles which could only be done 
previously with rubber. These articles are perfectly transparent, provided care has 
been taken after making them to keep them in an oven, or in a hot chamber, for a 
sufficiently long time for the vapours disengaged by the chloride to escape. They 
resist atmospheric influences, acids, and weak alkalies; but they are brittle, and 
emit a peculiar odour, from which it is difficult to free them. AH vegetable oils 
may be used in the making of these substitutes, but linseed, rapeseed, earthnut and 
colza oils are preferred. Sometimes the action is moderated by the use of a solvent 
for both the oil and the sulphur chloride. One hundred lb. of the oil are mixed 
with 4 gallons of benzoline, and there is added a mixture of 25 lb. of sulphur 
chloride in 2 gallons of benzoline. The work should be done in a closed vessel 
provided with a stirrer, and the sulphur chloride should be added only in small 
quantities at a time. Some heat is generated, which causes the petroleum spirit 
to vaporise, whilst a little gentle heat at the end is sufficient to drive off the 
remainder. These sulphur chloride substitutes are generally of a pale yellowish 
colour, rather spongy in texture. They contain but little free oil and no free 
sulphur. They work with the rubber better than do the oxidised substitutes 
previously described. 

Oils vulcanised hy flowers of sfuZphur . — Rubber substitutes made from sulphur 
chloride, as we have just seen, are colourless, and in texture in no way resemble 
commercial rubber. Their manufacture is also delicate, and liable to very frequent 
failures, due principally to the too energetic action of the chloride upon the oil 
in presence of however slightly elevated a temperature. It has been found possible 
to overcome this difficulty by the direct vulcanisation of linseed oil by flowers of 
sulphur, which produces a black substance approaching more nearly to the natural 
colour of rubber, which, by its slower and more gradual elaboration, avoids the 
innumerable accidents of a reaction accomplished too rapidly. This substitute, 
which at the present day has in the greatest number of instances displaced oil 
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vulcanised by chloride of sulphur, is prepared as follows : — Linseed oil previously 
heated to a temperature of 100° C., is intimately mixed with 5 to 10 per cent, of 
flowers of sulphur, according to the object desired, then heated gradually to a 
temperature of about 130° C. (266° F.). The mixture rapidly turns brown, and 
when it has got to the desired temperature and acquired a very pronounced syrupy 
consistency, it is left to itself, without however allowing the temperature to lower 
below 100“ C. (212° F.). Vulcanisation is known to be finished by the deep 
brown, almost black, colour of the mass, and its ever-increasing thickness. At th i s 
point the process is conducted in the same way as in the case of chloride of sulphur 
substitutes. That is to say, the vessels are emptied on smooth, cold surfaces so as 
to be able to detach the product after complete cooling. In making rubber substi- 
tutes from non-drying oils, the following formula has been given : — ^Take 100 lb. 
good Stettin colza oil, mix it intimately with 15 lb. of flowers of sulphur, and 
gradually heat the mixture with frequent stirring to a temperature of about 300° F., 
until a dark coloured, almost solid, mass is obtained. On cooling the substitute 
is of a rubber-like character, but devoid of the same elasticity and tenacity 
characteristic of rubber. During the process part of the sulphur enters into 
combination with the oil, part remains free. It is desirable that the free sulphur 
should be very small. The average amount is 2*5 per cent. ; when the amount 
reaches 5 per cent, it becomes objectionable, as it tends to produce defective 
goods. 

Bvhher mhstitute from maize oik — The manufacture of rubber substitutes is 
such a simple matter as to lie easily within the means of factories of ordinary 
capacity. It is assumed that the factory has the ordinary conveniences, and is. 
piped for illuminating gas, for in the manufactoe of “ black sub ” great heat 
is important, and is supplied by gas quickly and economically. A tank of boiler 
iron should be provided, cylindrical in shape, capable of holding one or more 
barrels of corn oil, and placed so it may be flUed at its top. Such a tank, located 
in the factory basement, could be filled from barrels on the main floor with little 
trouble or waste by placing the tank immediately beneath the floor, which had 
been provided with a small hatchway or trap-door. The tank should be provided 
with faucet for drawing off oil as required, or it may be piped directly to the 
kettle for boiling. Gas jets should be arranged around the base of this tank, so 
that its contents can be heated in advance of use. This is simply economy in 
time. Within convenient distance of the tank should be another cluster or circle 
of gas jets in a chamber shut in at the sides, open at the top, properly constructed, 
and of a strength to sustain a kettle having ^ capacity of 8 gallons. Still another 
cluster of gas jets should be provided over which sulphur can be melted. Also 
a cooling box, 2 by 3 by 5 feet, constructed of wood. The apjparatus now 
consists of a boiler iron tank for holding the supply of corn oil, a heater for 
boiling the oil, a heater for melting sulphur, and a cooling box. Two strong men 
are required to handle the work properly. Eight gallons of., corn oil are drawn 
off from the tank, and 20^ lb. of sulphur weighed into a large dipper, and each 
placed over its respective heater. The oil, having been previously heated, attains 
the boiling-point quicldy, and for thirty minutes should be kept at a temperature of 
470° F., and constantly stirred. The sulphur, being now melted, is added to the 
boiling corn oil. It must be added hot to prevent crystallisation. The workmen 
must be prepared for prompt and skilful action at tins point, for no sooner does 
the sulphur mix with the boiling oil than the contents of the kettle rise rapidly, 
and before it can boil over must be removed and emptied into the cooling 
box, where it may be stirred. When cold it is dumped upon and tied up in 
large cloths, or placed in pans ready for use, as convenience or necessity suggest. 
In this manner black substitute is manufactured. 

The boiling will reduce the quantity somewhat, say 2 per cent., and -from a 
weight of 69^ lb. material a batch should result weighing about 68 lb. It will 
be noted that something over 41 per cent, of sulphur is required to make this 
substitute, while to oxidise (vulcanise) cottonseed oil or rapeseed oil requires 
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but 26 per cent. A recipe -wMcli has been given for making sulphur chloride 
substitute from rapeseed oil is as follows : — 


Eapeseed oil 
Benzine . 
Sulphur chloride 
Magnesia 


J gallon. 
1 „ 

14 ounces. 


The above-described rubber substitutes are sometimes employed alone in the 
manufacture of waterproof cloth, water pipes, etc. ; sometimes in combination 
with natural supple rubber for all other industrial uses. 

But another substance likewise enters in considerable quantity into the class 
of rubber substitutes and imitations, namely, vulcanised rubber waste from the 
making of industrial objects or the rubbish of the trade, and which constitute the 
real rags of rubber articles. The Americans, who excel in the utilisation of this 
kind of substitutes, reclaimed rubber, consume enormous quantities of rubber 
waste, and produce from it really admirable articles. The processes for utilising 
this waste have already been given, and it would be simply repetition to return to 
them. The attention of manufacturers is called to this lucrative branch of the 
trade. The rubber substitute D&rmobtiifw was said to be discovered by Maxim 
Zingler, and recognised as such in England and Germany since 1885. This sub- 
stitute is a simple mechanical mixture, agglomerated by heat and pressure, of 
supple rubber waste, textile fibres, leather shavings, and carbonate of magnesia, 
and identical with the vegetable ivory which Eugen Turpin presented to the 
Soci^td d^Encouragement in July 1877, a report on which, by M. Cloez, appeared 
in the “Bulletin” of that Society (1877, p. 559). The product may interest 
certain mapufacturers. 

•‘Notwithstanding the cheapness of substitutes, the favour in which they are 
esteemed in the majority of manufactories is a subject for regret, because they 
are far from adding anything to the value of the mixtures into which they enter, 
A method of analysing qualitatively and quantitatively a supple rubber loaded 
with substitutes, as well as the substitutes themselves, is therefore a necessity. 
Dr. Robert Henriques, already quoted, has published a series of researches on 
this subject, as novel as they are interesting, in the Zdtung (1892, 

1893, and 1894), reproduced by the Monitewr Schntifique de Quemeville (4th 
Series, VIL, September 1893, and YIIL, August 1894). This research throws a 
new light on the analysis of supple rubber, and also familiarises us with the study 
and intimate knowledge of substitutes : — 

Coni/ribution to the analysis of manufactured ruhh&r and the detection of 
substitutes (R. Henriques). — The analysis of manufactured rubber is amongst 
the most . complex analytical problems which the technical chemist may be called 
upon to solve. The determination of mineral substances used as make-weights, 
already difiicult enough, becomes almost impossible when it is a question not only 
of ascertaining the proportions of the different oxides used, but also the form 
under which they were incorporated with the rubber. These ~ difficulties are 
still further increased when it is desired to estimate the vulcanisation sulphur, 
because none of the published methods are reliable. Not the slightest indication is 
given in regard to the separation of the rubber from the make-weights of organic 
origin and substitutes ; it would appear that no chemist has dared to enter this 
domain. Moreover, this is not a matter for surprise j the substances in question 
consist of an assemblage of bodies whose properties are badly known, which are 
about equally indifferent to all reagents, and which do not represent homogeneous 
chemical combination, but complex mixtures, like rubber itself, of dissimilar com- 
pounds. Having had to' make numerous researches in this difficult path, Henriques 
was led to study a series of methods which appeared to remove, at least in part, 
tbe analytical difficulties referred to; and although this research may be far from 
throwing complete light on the obscure chemistry of rubber, it may be useful to 
those who may be occupied with similar questions, and contribute to augment and 
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improve the literature pertaining to this industry, which hitherto only presents but 
rare and meagre documents. 

Difficulties in obtaining a fair average sample , — The taking of samples for 
analysis is at the outset the first difidculty. Manufactured rubber is not in reality a 
homogeneous substance, as its exterior aspect might suggest ; moreover, the methods 
of manufacture of which it is the product readily explain its heterogeneity. Gener- 
ally the heated and plastic rubber is mixed with sulphur and other substances; 
the moulded paste is treated with superheated steam. The masses of mineral 
bodies observed on cutting are the natural consequence of this incomplete method 
of mixture. Henriques analysed a large sheet of pliant rubber, containing amongst 
other substances a rather large percentage of silica. Whatever care was taken, the 
analysis jdelded very divergent results : at one time, about 10 per cent, of SiOg ; at 
another time, 28 per cent. ; whilst, at still another time, only 1;4 per cent. It was 
only after taking an average sample throughout the whole mass, by cutting strips 
along the axis and diagonals of the sheet, and afterwards dividing these strips into 
small fragments, and thoroughly mixing the whole, that concordant results were 
obtained. Henriques used the same method for ebonite, by filing with a rough file 
likewise in the direction of the axis and diagonals of the piece to be analysed. If, 
at the outset, such variations are observed in regard to the pulverulent fillers, how 
much more must they increase when the substances are coarse, such as fragments 
of glass, shavings, or cuttings of metal, which are frequently encountered 1 It is 
then, so to say, impossible, unless by previously disintegrating the whole piece, to 
obtain a satisfactory average sample. 

The conclusions to be drawn are therefore : — 

(1) In the analysis of rubbers it is always desirable to start with as cojjious 
samples as possible, and to prepare therefrom the average sample which is to be 
tested with as great care as possible. 

(2) Care must be taken not to conclude, from the analysis of sinall samples of 
good^, that the analysis of the buUc is identical therewith. 

1. Ash , — The determination of the ash is always recommended as the basis of 
all analyses of rubber. In my opinion, this determination teaches nothing in the 
'majority of cases ; at the most, it is only useful in the preliminary examination 
of containing only a small amount of mineral bodies.^ But then there is nothing 
to show that ignition has not eliminated carbonic acid nor votatile metallic salts, 
reduced sulphates to sulphides, sulphuretted oxides, or, finally, burned free carbon. 
Several writers have already pointed out difficulties in the ash determination ; 
but some try to cope with these by careful ignition, others, by addition of 
ammonium nitrate or carbonate — ^processes which might be of use in particular 
cases, but which are no more capable than the rough determination of general 
application. In any case, a separate heading has been given to the ash, the 
bearing of which is most often nil. Por the quantitative analysis of the mineral 
substances, the previous estimation of the ash is of no use. Even for qualitative 
analysis, Henriques only used it with hesitation, because it is difficult to carry out 
■in a porcelain crucible (clinkering of the substance), and the presence of certain 
bodies, litharge, for instance, does not allow of it being performed without risk in 
a platinum crucible. Henriques always determined the mineral matter simul- 
taneously with the sulphur, as in No. 2. 

2. Sulphur determination, — To determine total sulphur, it is generally 
recommended to unite the rubber with soda and saltpetre, with the addition of 
ammonium or magnesium nitrate. In whatever way Henriques applied the 
method, he was never able to obtain concordant results. If the nitrates be 
insufficient, the rubber burns, partially, with a luminous flame, and a non- 
neglectable portion of sulphur is dissipated with the ignition products. If the 
dose of ammonium nitrate be forced, the combustion is accompanied by a series of 

^ This docs not apply to the analysis of raw ruhbei*, and the rubbers called 
which only contain, besides a small quantity of ash, sand, alumina, oxide of iron, and some- 
times a small proportion of lime. The determination of the ash is then quite necessary. 


266 


INDIARUBBER 


small explosions, and it is difficult to avoid loss by projection. Even when tbe 
rubber is introduced into the fused oxidation mixture in very small fragments, it 
is difficult to avoid loss by deflagration. But Henriques obtained very^ good 
results by oxidising the rubber with nitric acid, and finishing the combustion by 
fusion with nitrate. Oxidation by nitric acid to the point where the addition of 
water no longer yields a precipitate is not enough, for with barium sulphate the 

insoluble salts of the organic acids 
separate, and the calcined sulphate 
shows an alkaline reaction. It is to 
destroy these organic acids that it is 
necessary to thoroughly finish ^ ^e 
nitric acid oxidation by an oxidising 
igneous fusion. 

Henriques fixed a reversed funnel 
— ^the shank of which had been cut off 
near the neck — over a deep porcelain 
capsule, and poured into this capsule 




1?IG. 103. — Battery of extractors for extracting 
resin, etc., from rubber (Altmann, Berlin). 


Fig. 104. — ^Autoclave used by Dittmas 
in analysis of rubber. 


20 c.c. of pure fuming nitric acid (in the case of rubbers containing but little mineral 
matter, ordinary 60 per cent, acid, specific gravity 1*42, is sufficient), and into the 
acid, which is kept hot, by the orifice of the funnel, 3 to 4 grammes of the 
substance, cut up into very fine pieces, waiting before each addition until the 
brisk reaction produced has subsided, were introduced. When the reaction is 
particularly tumultuous, it is weU to take the i^recaution to stop the upper 
aperture of the funnel by means of a second smaller funnel, the stem of which, cut 
off at the neck, should not dip into the liquid. 
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The first decomposition terminated, the wliole is evaporated gently, on the 
water bath, to a syrupy consistency. Ten to 20 c.c. of nitric acid again added, 
and the bulk reduced to the same extent. To the highly concentrated liquid, add 
4 grammes of a mixture of 3 parts of j)otassium nitrate and 4 parts of calcined 
soda, sodium carbonate. The whole is dried and cautiously ignited until tranquil 
fusion is effected. The mass should, not be too alkaline, so as not to attack the 
enamel of the capsule, nor dissolve appreciable quantities of silica, alumina/ and 
lime, which would affect the results of the analysis. With rubbers charged with 
graphite, prolonged fusion is required to burn off the carbon.^ The fused mass is 
dissolved in hydrochloric acid, evaporated to dryness, to render silica insoluble, 
and redissolved in nitric acid. If all dissolves, it is diluted to a known volume 
and the sulphur estimated in an aliquot part, and the remainder used for the 
determination of the mineral matter. If a residue remain, it can only consist of 
silica, barium sulphate, and lead sulphate. It is digested with a fresh solution of 
ammonium acetate (obtained by supersaturating ammonia with 40 per cent, 
acetic acid). The lead sulphate dissolves quickly and completely. The insoluble 
portion is collected on the same filter through which the nitric acid solution was 
passed, to which the fresh liquid is added. If cloudiness ensue, which is 
frequently the case, it is made to disappear by the addition of 25 to 30 c.c. 
of nitric acid. It is diluted to a known volume, and the sulphur and oxides 
estimated as above. 

There now only remain the residual insoluble silica and barium sulphate, 
which are separated by known methods. If barium sulphate be found in the 
residue, sulphuric acid or baryta may be found in the liquid, according as sulifiiur 
or bar;^a predominated in the rubber. This method has always given exact 
results, both for total sulphur and metallic oxides. When a rubber leaves little or 
no ash on the preliminary incineration, and if it be only required to estimate the 
sulphur, it will suffice to operate on 0 ‘25-0 ‘5 gramme of substance. Buljdmr 
may also be estimated by Carius’ process ; but on account of the time required 
to seal the tubes, and die risk of rather frequent explosions, when more than 
0*2 to 0*3.. gramme of substance is operated on, it is preferable to operate as 
described. To ascertain the quantity of sulphur employed in vulcanisation, — not 
only the sulphur which serves for vulcanisation, but also the sulphur in excess 
remaining in the free state in the mixture, — ^it is necessary to deduct the total 
sulphur which may exist as sulphate and sulphide. Of all methods proposed for 
this purpose, only one is reliable : dissolving the rubber and the free sulphur in 
spirits of turpentine. This method yields accurate results, but is very long and 
inconvenient. The rubber must be digested in spirits of turpentine for Six to 
eight days, at a temperature of 60” to 70° 0. (140° to 158° E.). Moreover, this 
period does not always sufiice. The end is accomplished more quickly by heating 
the spirits of turpentine to boiling, the sample is then dissolved in one or two 
days; but at that temperature sulphur acts on spirits of turpentine, and the 
sulphuretted hydrogen which is formed may act on the metallic oxides present and 
metamorphose them into sulphides, thus giving rise to erroneous results. But 
these are not the only drawbacks of this method. It is not economical, on 
account of the large quantity of spirits of turpentine required ; and the filtration 
of the solution is always difficult, sometimes imi^ossible. With a sample of rubber 
highly charged with zinc oxide, Henriques was not able by any scheming to obtain 
a hmpid solution. The operation is always so protracted that the spirits of 
turpentine partially resinifies on the sides of the filter, and it becomes very 
difficult to remove it by lighter solvents, such as benzine, cai'bon disulphide, etc, 
Henriques therefore sought a substitute for spirits of turpcntijie, and found it iji 
ordinary well-rectified petroleum spirit.^ Heated above the ineltirig-[K)iut 
sulphur, petroleum spirit easily dissolves vulcanised rubber. Solution is completely 

^ ^ But few chemists would make or recommend a short, far loss a prolongocl, alkaline luBioii 

in a porcelain vessel. 

2 ^‘Petrole ordinaire'* of the author’s is taken to mean “spirit.” — ^Tii. 
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effected in one or two days. It will be observed that — 1. Commercial petrolei™ 
spirit often contains a little sulphur, from which it is freed by repeated agitation 
with caustic soda, drying, and rectifying, collecting the portions passing between 
140** and 150° G. (284° and 302° F.). 2. If the temperature rises above a certain 

limit, petroleum may be attacked by sulphur, but Henriques found that the action 
of sulphur on petroleum spirit may be neglected up to about 160° 0. (302° F.). 
To avoid this error*, it is only necessary to work below this limit. Five grammes 
(in the case of but slightly charged qualities, 10 to 15 grammes) of the sample arc 
weighed into a tared ^ditre flask and 150 c.c. of purified petroleum spirit added, 
and the whole heated in an oil bath at 140° to i50° 0. (284° to 302° F.) until the 
rubber is disintegrated and dissolved, and the insoluble portions are deposited in 
the purverulent state. As control, a second flask is installed alongside the first, 
containing petroleum spirit and sulphur, in which the disengagement tube dips 
into a small wash-bottle containing acetate of lead. If the solution of lead does 
not blacken, it may be taken that the temperature has not exceeded the proper 
limit. Solution effected, it is allowed to stand in a warm place, and the liquid is 
decanted through a tared filter, washing once or twice by decantation, and then the 
residue is finally run on to the filter ; the flask is again washed with hot petroleum 
spirit, and the washings filtered without detaching the insoluble particles adhering 
to the glass; the washing is finished with petroleum ether (gasolene), the flask 
dried, and filtration done at 110° 0. (230° F.). The estimation of sulphur in the 
insoluble j)ortion gives the amount, and qualitative and quantitative analysis 
determines the form in which the sulphur exists. The difference between the 
total sulphur and that found in the residue gives the sulphur added — i.e. (1) the 
amount of sulphm used in uulemiisation and (2) the free mlphwr. It is necessary, 
however, to remove a possible error: the presence of oxidising agents, such as 
litharge, alkaline earths, or carbonates, may have rendered a portion of the sulphur 
insoluble by transforming it into sulphates or sulphides. Thus, Henriques found 
in a rubber, along with much chalk and oxide of lead, a small quantity of gypsum. 
It is scarcely possible that this salt was mixed in its natural state with the 
rubber, and it was more likely generated during vulcanisation itself. That is a 
point u|)on which chemical analysis alone cannot decide. The insoluble residue 
may be used for the quantitative analysis of metallic oxides, but it lends itself 
especially to a proximate analysis for the j)urpose of ascertaining the precise form 
under which these oxides have been employed. In the great majority of cases, not 
only can the total composition of a rubber be ascertained, but also the nature and the 
, proportions, and even the degree of fineness, of the salts employed in the manufacture 
of the rubber in question. To determine the proportion of organic matter undis- 
solved by petroleum spirit, different methods are pursued, according to circum- 
stances. If all the metals have been determined, and all the latter give stable 
sulphates on ignition, the simplest method consists in calcining an aliquot part of 
the residue with sulphuric acid. The proportion of organic matter burnt is 
calculated from the weight of the sulphates and that of the salts from which they 
originated. The organic matter can also be deduced from the difference between 
the total residue and the total weight of the salts of which it is composed. If the 
latter be soluble in an acid, that again furnishes a convenient method of separating 
the insoluble organic matter ; it is the method used to separate metallic salts from 
graphite, so often met with in door and stair mats. It is rare that pliant rubber 
leaves a residue insoluble in petroleum spirit. Those which contain substitutes 
sometimes dissolve with difiiculty, but substitutes can be so separated that the 
remainder of the rubber dissolves without diflicult}^ This vehicle likewise dissolves 
the other organic substances, fatty oils, paraffin, asphaltum. As to the insoluble 
organic matter, eg, cork powder, sawdust, etc,, they have only a potential existence 
in technical ti^eatises dealing with rubber and its applications. Henriques never 
met with them in any of the samples from every source which he analysed. But 
there is an important group of manufactured rubbers which do not dissolve in 
petroleum spirit, namely, the ebonites, which offer the greatest resistance to all 
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cliemical reagents. These are dealt with in the sequel. The course of his re- 
searches led Henriques to experiment on the separation of rubber from organic 
make-weights. In chemical literature but sparse and inconclusive indications are 
found on this point, although the use of rubber substitutes, imitations, and organic 
make-weights is most extensive. There is not a class of natural products which 
has not been tried for this purpose ; but the more the properties and the durability 
of rubbers so weighted were studied, the more was their manufacture abandoned. 
It would appear that now only one class of organic compounds play an important 
r61e in the industry. These are the products sold under the name of rubber sub- 
stitutes, artificial rubber, or imitation rubber, made by heating oils with sulphur or 
sulphur chloride. Some non-sulphuretted substitutes, made by oxidising oils, are 
also encountered. This category of compounds appeared to Henriques to be worth 
examining. Substitutes are generally met with in the form of yellow or brown 
elastic masses, without cohesion, breaking up under pressure, greasy and moist to 
the touch. Two of these substances gave the following results : — 


Table LXIX. — Moistube, Sulphur, and Ash in Rubber Substitutes. 



I. 

11 . 

Moisture 

1-00 

0-85 

Sulphur 

6*17 

6-4 

Ash 


0-8 


The ash consisted of lime, alumina, with traces of iron oxide and silica. Sub- 
stitutes behave towards solvents almost like rubber itself; insoluble in alcohol, 
they only dissolve with difficulty and incompletely in benzol, carbon disulphide, 
and spirits of turpentine, etc. To detect oils or fats in manufactured rubber, a 
method has been proposed which yields, in experienced hands, useful results. The 
rubber is digested in carbon disulphide to which 5 per cent, of spirits of turpentine 
has been added, the solution is filtered after a few hours, and distilled. An 
appreciable residue indicates the presence of foreign bodies of a fatty nature. The 
method has several drawbacks : first, vulcanised rubber is slightly soluble in the 
mixture of carbon disulphide and alcohol ; ^ the experiment is not conclusive unless 
the fats are present in notable quantity; finally, free sulphur is likewise dissolved, 
and may give rise to error. Notwithstanding these drawbacks, for qualitative 
purposes, the method, applied with discretion, may yield useful indications. For a 
quantitative estimation the process cannot be adopted, because substitutes only 
dissolve partially, even when isolated and repeatedly digested in alcoholised carbon 
disulphide.^ The sorts which were examined, in dissolving, gave up from 20 to 30 per 
cent, of their weight, and on each treatment afterwards still further lost 1 to 2 
per cent., so that it cannot be admitted that substitutes are insoluble, and that it is 
the proportion of unchanged oil or fat which alone dissolves. Substitutes dissolve 
completely in petroleum spirit at a high temperature, as vulcanised rubber does 
itself. Ligroin ^ only dissolves them partially. Aqueous soda dissolves them with 
difficulty and incompletely. The action of alcoholic soda will be described further 
on. Hiibrs iodine addition method seemed likely to yield indications, in its way, 
for rubber hardly absorbs iodine, whilst the sulphuretted oils should readily fix 
iodine, like the oxidised oils which almost retain tlieir primitive iodine value. 
Preliminary experiment led to this unexpected result: sulphuretted oils do not 
absorb iodine and behave lilce quasi-saturated compounds. Henriques then tried 
to separate the sulphur from the substitutes and to isolate and weigh the regener- 
ated fatty acids. He treated the substitutes with alcoholic soda, to which different 

^ There is here an obvious discrepancy as to the nature of the mixed solvent, whether it is 
alcohol or ** turps” that is added to the OS 3 . — Tr. 

® Intermediate between gasolene and petroleum spirit. Density 0'70-0*73 B.P., 110'’-120“ 
0. (230®-248®F.).— Tn. 
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salts which ought to fix sulphur were added, — salts of lead, mercury, copper, and 
zinc ; but in whatever way he operated, the fatty acids, isolated^ from the alcoholic 
lye in very variable quantity, always contained equally variable quantities of 
sulphur. He attempted, without any better success, to effect saponification and 
desnlphurisation in a closed vessel at a high temiDerature, by replacing ethylic 
alcohol by amylic alcohol. However, it was found by these exi^eriinents that 
substitutes dissolve totally and without trouble in alcoholic soda,^ and on this 
property may be based at least an approximate method of analysis. To effect 
decided seimrations such as can, for example, be done in inorganic analysis, is 
impracticable in this field. Results can only be approximate, as we have to^ deal 
not -with simple combinations but mth very complex mixtures, like rubber itself, 
which may contain substances belonging to different classes of bodies. The 
following experiment shows that substitutes, or at least their organic constituents, 
are completely soluble in alcoholic soda. One gramme of substitute is boiled in a 
flask attached to a reflex condenser, with an excess of caustic soda (7 to 8 per cent. 
NagO). After a few hours the alcohol is distilled off, the residue dissolved in 
water, and filtered through a tared filter. Weight of the dry residue = 0‘041 = 4*1 
per cent.; weight of the ash -0*0413 per cent. The residue, therefore, no long:er 
contains any trace of organic matter. Another substitute which left no ash dis- 
solved without residue. On the other hand, vulcanised Para rubber was treated 
similarly (sample A).^ This sample yielded on analysis — ^Ash = 2*64 per cent.; 
sulphur = 7*12 per cent. Extraction by caustic soda gave — Dry residue = 94*9 per 
cent.; containing sulphur = 2*75 per cent. By difference we get in solution — 
Total substance = 5 *10 per cent,; less sulphur (7*1 2-2 *75) = 4*37 percent.; 
organic matter dissolved = 0*73 per cent. 

The result is not quite so fine as above figures would indicate. On incinerat- 
ing the insoluble residue of the extraction, .,8*4 per cent, of ash was found, say 7*7 
per cent, on the original rubber. As the latter only contained 2*54 per cent, of 
ash, we get, after extraction, an excess of 5*16 per cent, of fixed substances. The 
ash of rubber, treated with alcoholic soda, is in great part soluble in water, has a 
strong alkaline reaction, and contains sulphates. It would appear that, as a 
result of treatment with alcoholic soda, rubber fixes a certain quantity of alkali 
separated by washing. The same occurred in all subsequent experiments and with 
all varieties of rubber. It is not practicable to separate the alkali from a rubber 
treated with alcoholic soda by boiling it with dilute acetic acid, not even with 
hydrochloric acid. An acid extraction would, moreover, complicate the analysis of 
the mineral matter ; Henriques gave that up, and attributed the facts observed to 
the formation of an insoluble salt of sodium, at the expense of one of the con- 
stituents of the rubber. It must not be concluded from the fact that the residue 
insoluble in alcoholic soda was found to contain 5*16 per cent, of mineral matter, 
which did not pre-exist in the rubber, that the latter had lost an equal quantity 
of substance, as (1) the ash contains sulphur, the weight of which has to be 
deducted; then (2) this sulphur is present as sulphuric, acid — the incineration 
having been done in this instance, as in every ease, in presence of ammonium 
nitrate. For each part of sulphur in the residue 2 J parts of must therefore be 
deducted. To ascertain the amount of matter extracted from rubber by alcoholic 
soda, it is necessary (1) to estimate the ash; (2) to estimate the sulphur in the 
initial rubber; (3) to weigh the extraction residue; (4) to estimate the sulphur 
therein ; (5) to incinerate it, and weigh the ash. To almost be certain of the results, 
it is necessary to make each experiment in duplicate, slight errors being liable to 
seriously affect the final result. Analyses of this nature are neither simply nor 
easily executed. To ascertain whether this method gave reliable results and 
yielded' constant figures, Henriques repeatedly analysed another variety of Para 
rubber (sample B). The results are given in Table LXX. : ^ — 

^ By Para rubber is meant rubber containing only tlie sulphur added for vulcaiiiisation, and 
not rubber from any particular source. 

® All these results are brought to per cent, of the rubber. 
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Table LXX. — ^Results of Repeated Analyses of same Sample of Paea 
. Rubbee (Heneiques). 



I. 

II. 

III. 

IV. 

V. 

1. Ash 

Per cent. 
2*8 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

2. Sulphur 

9*5 

... 

... 

... 

... 

3. Extraction residue .... 


96*40 

96*00 

96*66 

96*55 

4. Ashes of residue III. 

... 

8*49 

9-02 

9*21 

9-17 

5. Sulphur of residue III. . 


4*60 

4*50 • 

4*86 

... 

6. Dissolved sulphur .... 

... 

5*00 

6*00 

! 6*16 

... 

7. Sulphur in ashes IV. . 

... 

... 

■1*14 

.1*24 

1-08 

8. Corresponding amount of SO3 . 

... 

... 

2*85 

3*10 

2*70 

9. NagO in ashes (=4. — 1. — 8) . 



3*37 

3*31 

3*67 

10. Real organic residue of extraction 


... 

91*63 

92*24 

91*80 

= (3.--.9) 

11, Hence : there were / sulphur . 

dissolved \organio matter . 


6*00 

5-00 

6-15 




3*37 

2*61 

3-12 


Tlie agreement between the analyses is very satisfactory. The figures of V. 
were obtained by agaip. treating the residue from extraction IV. with alcoholic 
soda. Nothing further was dissolved by the second extraction. The analysis was 
conducted as before : 3 to 5 grammes of the substance cut into small fragments were 
boiled in a flask attached to a reflux condenser (Pig. 103) for eight hours, with about 
ten times their weight of alcoholic soda, containing 6 to 8 per cent. NagO. The 
whole was then diluted with water, and the alcohol boiled off on the water bath, the 
residue collected on a tared filter, and carefully washed, dried at 100“ 0. (212“ F.) 
until constant, and then weighed. ^ The ash determination of the residue was always 
done with addition of ammonium nitrate, so as to make sure of converting , all the 
sulphur into sulphuric acid. We may conclude that vulcanised rubber of the follow- 
ing composition — ash 2*8, sulphur 9*5, and rubber 80*7 = 100*0 per cent. — cedes 
on an average of alcoholic soda, sulphur 5*05 per cent., and rubber, 3*03 per cent. 

Does it follow from these figures that the dissolved sulphur existed in the free 
state in the rubber, and that what remains in the insoluble is the chemically 
combined sulphur of vulcanisation ^ Henriques* exj)eriments do not give a precise 
reply. That different Para rubbers (containing nothing but sulphur and rubber) 
leave variable quantities of insoluble sulphur on extraction does not upset this 
hypothesis ; in fact, the quantity of combined sulphur may vary greatly with the 
temperature of vulcanisation and the whole of the conditions of manufacture. 
Samples A and B, the analyses of which have already been given, left — 

Table LXXI— Showing Vaeiation in Ratio of Insoluble Sulphue to 
Rubbee in Puee Vulcanised Paea, 


’ 

Per cent, of Rubber. 

Per cent, of Insoluble Sulphur. 

A with 90*34 

B „ 87*7 

2-75 

4-46 


With reference to the organic matter dissolved, the proportion of which may 
vary according to the sample from 2 to 4 per cent., it may differ much in its 
nature. It probably consists of the vegetable oils and fats which all rubbers 
contain in small quantity. Another hypothesis presents itself to my mind, namely, 
that raw rubber would cede a portion of its substance to alcoholic soda, and that 
the portions dissolved originated in the portions of the rubber which had escaped 





272 


INDIARUBBER 


vulcanisation. The following results, obtained by treating 100 parts of dry and 
purified rubber, shows that this hypothesis is unsound : — 

Table LXXII. — Effect of Treatment with Alcoholic Potash on Analysis 
OP Pure Dry Rubber (Henriques). 



Per cent, of Initial Rubber. 

1. Ash 

0*32 

2. Moisture 

0*35 

3. Extraction residue 

98*04 

4. Ash of residue II 

1*89 

5. NagO in ash IV 

lr57 

6. Hence dissolved ’ 

3*63 


Alcoholic soda dissolves almost the same weight of organic matter in raw rubber 
as in vulcanised rubber. With hardened rubber (ebonite, dnrci) analogous results 
are obtained. Henriques found — 

Table LXXIII — Effect op Treatment with Alcoholic Soda on Analysts 

OP Ebonite (Henriques). 



Ebonite A. 

Ebonite B. 

1. Ash 

2. Sulphur 

3. Ex^'action residue 

4. Ash of residue III 

5. Sulphur of residue III 

6. ,, dissolved 

7. ,, of ash IV, . . . , . 

8. =SOg ....... 

9. NagO in ash IV, ....'. 

10. Real extraction residue .... 

11. : : 

Per cent. 
0*01 
31-20 
92-14 

3-87 

22-60 

8-60 

0*49 

1-22 

1-57 

90-67 

8-60 

0-83 

Per cent. 
0*05 

40*12 

90-94 

6-99 

29-43 

10*69 

1-51 

3*78 

3-21 

87-73 

10*69 

1*68 


The portion of ebonite insoluble in alcoholic soda is more difficult to extract 
than in the case of pliant rubber. Thus sample B, after the first extraction of six 
hours, yielded, on a second extraction of the same duration, 0*8 per cent, of 
plphur and 1*47 of organic matter. The following analyses show how the method 
is applied to the analyses of rubber sophisticated with substitutes. The insoluble 
extraction residue is treated with warm petroleum spirit, in which it dissolves com- 
pletely ; it, moreover, presents all the characteristics of pure rubber ; as the whole 
of the preceding experiments render it possible to predict, the separation of the 
rubber from the substitute is complete. 

What proportion of the total sulphur comes from the substitute? What 
quantity has been added for vulcanisation purposes ? That, the method cannot 
tell us. Rubber substitutes dissolve in alcoholic soda, whilst natural rubber cedes 
only a minimum fraction of its ingredients with this restriction, at least in the case 
of the samples which Henriques was able to procure. Natural rubbers are so 
various, and the number of substitutes so great, that it would be rash to draw 
general conclusions from the analyses of a few samples, Henriques was the first to 
recognise that his conclusions would have gained in precision if they had been 
controlled by the analyses of mixtures, the composition of which had been 
made known to him by manufacturers. He spared no pains to secure this 
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Table LXXIV. — Analyses of Rubbers Sophisticated with Rubber 
Substitutes (Henriqubs), 



Quality A. 

Quality B. 

1. Ash 

2. Sulphur 

3. Extraction residue 

4. Ash of residue III 

5. Sulphur of residue III 

6. ,, dissolved 

7. „ of ash IV 

8. „ as SO3 

9. NagO in ash IV. 

10. Real extraction residue .... 

There has therefore / sulphur 
been dissolved \ organic matter . 

There remains L ’ ' 

dissolved lyiemate . . 

Per cent. 
1-90 

6*10 

45-80 

5-31 

0*66 
, 4*44 

0-29 

0- 72 

3 '12 

42*68 

,4-44 

62-88 

0*66 
. 40-12 

1- 90 

Per cent, 
3-00 
■ 4-26 
88-97 

6-87 

2-38 

1-88 

0-60 

1-16 

1-62 

87-36 

1-88 

10*77 

2- 38 

81-97 

3- 00 


Table LXXIVa. — Composition Calculated of Rubbers whose Analyses 
ARE GIVEN IN TaBLE LXXIV. (HeNRIQUBS). 


1 

Quality A. 

Quality B. 

Rubber 

Substitute 

Sulphur 

Ash . 

Per cent. 
41-32 
51-68 

6-10 

1-90 

Per cent. 
84-43 

8*31 

4-26' 

3-00 

100-00 

100-00 


control ; but there reigns, to a high, degree, in the camp of rubber manufactoers, 
that mistrust and a mysterious way of hiding trifling things which the chemist 
still meets in those branches of industry where science has up to now found little 
or no opportunity of seeing her services put to the test. 

Amongst substances most frequently used in the rubber industiy, a place in the 
first rank must be given to the compounds sold under the most diverse names, 
which result from the action of sulphur, or of chloride of sulphur, upon oils — 
substances the whole of which are classed under the generic name of mhstitm;te& 
ifactices). Two chief sorts are Imown in the trade — the whites and the browns ; 
and, in fact, these kinds are altogether different from . a chemical point of view. 
In a previous memoir, Henriques had already given an analysis of two kinds of 
white substitutes, reduced to percentage of water, moisture, and fixed ash. A more 
thorough examination of these same products has been made. Both are slight 
yellowish, clotted, elastic masses, with a neutral reaction and a slightly penetrating 
oleaginous odour. Water extracts nothing ; acids and alkalies but little ; neither 
do the majority of neutral organic solvents. The characteristic of these products 
■s their high percentage of chlorine, almost as high as their percentage of sulphur. 
Iccording to the behaviour of the products with solvents, the chlorine should exist 
.n organic combination. If, as aU facts indicate, and as the experiments detailed 
:urther on show, the substitutes examined result from the action of chloride of 
lulphur upon oils, that reagent has entered entirely (body-hulk), chlorine and 

i8 
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sulphur, into the molecule of the oil (fatty body). In order to facilitate the explan- 
tion of the results, the analytical data upon which the developments and conclusions 
of Henriques’ work are based, are appended : — 

Table LXXV. — ^Analyses op Commbegial Rubber Substitutes 


(Heneiques). 



White Substitutes. 

Brown Substitutes. 

A. 

B. 

C. 

A. 

B. 

Sulphur in the substitute 

6*4 

6*17 

8-26 

16*48 

17-71 

Chlorine „ ,, 

5*0 

5*86 

8-88 

0*7 

0*36 

'Water ,, „ ... 

0-86 

1*0 

... 


... 

Ash » 3 , . ... 

0*8 

6-51 

... 

... 

... 

Percentage of fatty acids 

90*45 

73*58 



... 

Sulphur in the ,, ... 

6*12 

6*45 

8T6 

14*14 

15*20 

Chlorine ,, ,i ... 

0*83 

0*43 



... 

Iodine value of the substitute 

30*9 

31*0 

32*6 

42*b 

42*0 

„ ■ fatty acids 

91*3 

91*2 

102*3 

129-0 

125*6 


Table LXXVI. — Analyses op Substitutes prepared prom Yarious Oils 

(Hbnriques). 



A. 

B. 

Q* 

D. 

E. 

P. 

G. 

H. 

L 

Sulphur in tlie substitute 

9*34 

4*78 

8*28 

6*69 

7-68 


4-82 

10*6 

0-23 

Chlorine „ ,i 

8*84 

4-85 

7*62 

6*96 

7*44 


0*70 

8*05 

6*36 

Water ,, n 

3*02 

0*86 






d-b 

d-b 

Ash . 

0*0 

0*0 

6*0 

6*0 

d*b 

d*b 

6-0 

Percentage of fatty acids 
Sulphur m these acids . 
Chlorine „ i, 

79*0 

81-67 

86*89 

87*95 

74-90 


85-35 


6*44 

9*88 

4-06 

8*34 

6*54 

8*32 


6-32 

traces. 

traces. 

0*60 

little. 

Httle. 



0-20 

traces. 

Iodine value of the substitute 

56*8 

62*6 

32*6 

26*9 

88*6 

42*8 

85-2 

21-9 

80-3 

„ „ acids 

160*3 

141*21 

101*6 

102-8 

133*8 

129*2 

186-22 

148*6 

91*6 

Acetyl value .... 

21*0 

19*6 

31-0 



•* 


106*6 

61-3 


A, Raw linseed oil (fresh). B, Oxidised linseed oil. 0, Rape oil (fresh). D, Oxidised 
rape oil. E, Oxidised poppy-seed oil. F, Mixture of oxidised linseed and poppy oils. G, 
Castor oil with a minimum dose of sulphur chloride. H, Castor oil with^ a maximum dose of 
sulphur chloride. I, The oil termed soluble castor (oxidised cotton-seed oil). 

The determination of the sulphur of substitutes necessitates the same precau- 
tions as with rubber. Oxidation by nitric acid, followed by fusion with an alkaline 
oxidising agent, alone yields concordant results. To estimate chlorine, ^ silver 
nitrate was added to the nitric acid, so as to avoid all loss by volatilisation of 
hydrochloric acid. After alkaline fusion, the whole is digested in water, the 
insoluble silver compounds are separated (generally metallic silver), and the sulphur 
estimated in one portion of the liquid as barium sulphate, and the chlorine by 
titration with nitrate of silver and sulphocyanate. Oils solidified by sulphur 
chloride only absorb insignificant quantities of iodine. Sample A, Table LXXY., 
gave an iodine value, according to Hubl, of 7 '2. However, this value is only 
apparent. The feeble iodine absorption is partly due to the fact that the product 
is almost insoluble in chloroform. By frequently agitating the finely divided sub- 
stitute in suspension in that liquid with an excess of iodine solution, and leaving it 
in contact for ^twelve hours, Henriques obtained from A and B, Table LXXY., iodine 
values of 30*9 and 31. Compared with the iodine values of the drying oils used to 
make these substitutes, these figures are still very low. Apparently, sulphur chloride 

^ Another determination gave iodine valuer 121*0. 

® Two other determinations gave 147*4 and 162*1. 
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partially saturates the free valencies of the oil to as great an extent by its chlorine 
as by its sulphur, possibly by its chlorine alone. Substitutes treated with iodine, 
in chloroforniic solution, strongly retain the metalloid, and it is necessary to insist 
much in the back titration by hyposulphite, of stirring energetically and for a long 
time so as to destroy all the iodine in excess. It should be interesting to observe 
how substitutes behave on saponification. They are completely soluble in alcoholic 
soda. In this reaction the -chlorine is almost eliminated, whilst the percentage of 
sulphur in the fatty acids corresponds exactly with the percentage of sulphiu in the 
substitute. However, the proportion of fatty acids found is always lower than 
simple saponification would imply, even taking into account the elimination of the 
chlorine. Thus, sample A gave 90 per cent., sample B only 79*4 per cent., of fatty 
acids. A portion of the oil and a corresponding quantity of sulphur must therefore 
have undergone a transformation of a different order. The liquid from the saponi- 
fication contains much chlorine but no apparent sulphur nor sulphuric acid, 
sulphuretted hydrogen nor sulphurous acid. But, on evaporating these liquids in 
presence of the excess of hydrochloric acid added to liberate the fatty acids to the 
point where hydrochloric acid fumes begin to be given off, the presence of much 
sulpuric acid is demonstrated. The sulphur chloride, with the aid of oxygen 
borrowed either from the air or the substitute itself, seems therefore to transform a 
portion of the oil into a sulpho-oleic acid analogous to those produced in the 
manufacture of turkey-red oil. In all the substitutes made by Henriques in 
the sequel, he demonstrates the formation, in greater or less quantity, of these 
sulpho-oleic acids, and a consequent diminution of substituted fatty acids. 
These concomitant reactions are difficult to regulate, for, even when working 
under apparently identical conditions, he obtained variable proportions of insoluble 
fatty acids. 

As saponification eliminates chlorine from the molecule of the substitute, it 
was to be foreseen that the isolated, acids would appreciably absorb more iodine 
than the substitutes from which they were derived, whilst the ordinary fatty acids 
yield an iodine value approaching that of the oils from which they were derived. 
The iodine values of the saponified acids are almost triple those of the substitutes. 
Little had been published on the action of sulphur chloride (S 2 CI 2 ) on fatty oils. 
The most recent communications ' are those of Bruce Warren ^ ^ and Sommer.^ 
Warren asserts that drying oils yield solid masses with chloride of sulphur, 
insoluble in carbon disulphide, whilst the non-drying oils yield products soluble 
in that solvent. Stolmann, in the last (German) edition of Muspratt^s Dictionary, 
writes that these results merit but little reliance, because olive oil— -the type of 
the non-drying oils — is transformed by the action of sulphur chloride into a mass 
analogous with rubber, insoluble in ether. The facts pointed out in Sommer’s 
patent, as well as Henriques’ personal experience, formally contradict Warren’s 
assertions. If a sufficient quantity of sulphur chloride be added to a fatty oil, the 
two liquids soon mix. After a few moments of contact, energetic reaction sets in, 
accompanied by considerable disengagement of heat. The mixture froths, swells, 
gives off vapours of sulphur chloride, with a little hydrochloric acid, sulphurous 
gas, and after a few seconds becomes converted into a solid, elastic, scarcely tacky, 
amber-coloured mass, capable of being ground and crushed under the pestle. 
Exposed to the air, the mass loses the excess of sulphur chloride employed and 
the adherent hydrochloric acidj it then resembles in every respect the white 
rubber substitutes of commerce. If one or other of the reagents, or both, be 
diluted with a neutral solvent, carbon disulphide or benzol, the reaction is longer 
in being manifested, its violence is moderated, but the final result is the same. 
The substitute is a little more porous in consequence of the volatilisation of the 
solvent. That is how the reaction goes oh in presence of a sufficient quantity of 
sulphur chloride. In the contrary case, along with a less disengagement of heat, 
a pasty, tacky residue is obtained, which even a long time afterwards, whether hot 
or cold, does not solidify. 

^ Chemical News^ 1888, p. 110. 


^ German Patent, No. 50,282. 
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Table LXXYII, — Showing how ihe Quantity of Chloride of Sulphur 

REQUIRED to TRANSFORM AN OlL INTO A SoLID SUBSTITUTE VARIES 
WITH THE Nature of the Oil, according to Hbnriques^ Experiments. 


100 parts of 
oil of 


/ Linseed 
Poppy 
Rape 
Cotton 
Olive 
Castor 


) do not yield 
a solid pro- 
duct with 


Parts SgOlg 
25 
30 
20 
40 
20 
18 


I hut do so 
I well with 


Parts SijjOlj 
30 
35 
25 
45 
25 
20 


Inspection of these figures shows that there is no relation between the drying 
properties of oils and their aptitude to solidify under the action of sulphur 
chloride. Having thus fixed the required proportions of chloride of sulphur, 
Henriques prepared and analysed substitutes with a linseed oil, rape oil, and a poppy 
oil base, and with a mixture of equal parts of linseed oil and rape oil. ^ The results 
are given in Table LXXYI. Neither of these are analogous with substitutes A and 
B of Table LXXY., products of English origin, of which it would be desirable to 
know the method of preparation. Indeed, the commercial sample C (Table LXXY., 
yielded, on analysis, figures so similar to those of the rape oil substitutes C, of 
Table LXXYI., that they may be rightly regarded as identical. The iodine values 
of the fatty acids isolated from substitutes present such wide differences from one 
kind to another that agreement in the iodine values maybe taken as proof of 
identity. Moreover, Henriques learned from a manufacturer that the bulk of the 
substitutes made in Germany are made from rape oil. The distinctive character- 
istics of the English substitutes A and B are their relatively low percentage of 
sulphur and chlorine, according to which only 20 per cent, of sulphur chloride had 
been used to solidify the oil. With the exception of castor oil, Henriques 
demonstrated that only the oxidised oils can be solidified with that proportion of 
chloride of sulphur. Raw linseed oil, for example, which requires at least 30 parts 
of SgClg to soHdify it when it is fresh, only requires 15 to 18 per cent, when it 
has been heated for some hours at 200® to 260® C. (say 392® to 482® F.) in contact 
with air. If the temperature be pushed to 250® to 300® C. (482® to 572® F.), 
10 per cent, of SgClg sufiSces. A substitute prepared in that way would run into 
4*78 per cent, of sulphur and 4*85 per cent, of chlorine. All drying oils behave 
in this resi^ect like linseed oil. By pursuing this method, Henriques identified the 
English substitutes with the product obtained by the action of sulphur chloride 
on oxidised cotton-seed oil, known in the English trade under the name of soluble 
castor oil (lardine). JBromn substitutes will be dealt with more briefly. They 
are met with in commerce sometimes as deep brown, tacky blocks ; sometimes in 
powder. Analysis shows the presence of a much greater quantity of sulphur than 
in the substitutes previously examined. But chlorine is almost entirely absent. 
These substitutes are certainly obtained by heating oil with sulphur. They also 
dissolve in alcoholic soda; the soap, treated by an acid, disengages appreciable 
quantities of sulphuretted hydrogen ; the isolated fatty acids, however, contain a 
smaller proportion of sulphur than the substitutes from which they were derived. 
The iodine values of these substitutes and those of the fatty acids are rather high, 
which induced Henriques to believe that it is linseed oil, or a mixture of linseed 
and rape oil, which is used in their manufacture. He did not pursue the examina- 
tion of these substitutes, which are much less interesting, from the scientific point of 
view, than the previous ones. It was interesting to ascertain whether the vulcanisa- 
tion of rubbers, sophisticated with substitutes, influenced the percentage of chlorine 
in the product. Henriques examined a number of manufactured rubbers con- 
taining substitutes, and always detected chlorine in appreciable quantity. ’ As no 
other chlorinated compounds are employed in the manufacture of rubber — with 
one exception — ^we may conclude that the presence of chlorine in the alkaline 
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alcoholic extract of a rubber is due to the use of a white substitute. Quantitative 
tests, however, showed that the proportion of chlorine in manufactured rubbers is 
much less than that which corresponds with tlie quantity of substitute added. 
Thus, in two samples the percentage of substitute of which came out at 53 and 
12 per cent., Henriques only found 0-5 and 0*37 of chlorine, whilst calculating 
on an average of 7 per cent, chlorine in the substitute he ought to have found 3*7 and 
0*9 per cent. Cl. On vulcanisation, a portion of the chlorine is therefore dis- 
engaged either under the form of sulphur chloride or as hydrochloric acid, or in 
some other way. If alcoholic soda extracts an appreciable quantity of substance 
from a sample of rubber, and the extract contains no chlorine, the question is, 
whether the rubber is mixed with brown substitute or contains a fatty body. The 
fatty acids liberated from substitutes contain a rather smaller proportion of 
sulphur than the substitutes themselves. Those of brown substitutes generally 
contain more than 10 per cent. If, therefore, the fatty oils have not fixed sulphur 
during vulcanisation, — if they have not by the heating itself of the rubber been 
transformed into substitute, we should be able, by isolating the fatty acids from 
the treatment with alcoholic soda, and by estimating their percentage of sulphur, 
to distinguish between the addition of an oil heated with sulphur and an ordinary 
oil. To solve this point experimentally, Henriques heated rape oil with an 
excess of sulphur for several hours at a temperature of 130“ to 135“ 0. (266“ to 
275“ F.), the highest temperature reached in vulcanisatioiL The oil then dissolved 
large quantities of sulphur, which for the greater part re-crystaUised out on cooling. 
After filtration the limpid oil was saponified, and the fatty acids separated in the 
usual way. Finally, the latter were dissolved in 90 per cent, alcohol, to separate 
the precipitated sulphur, and the sulphur was estimated in the acids thus purified, 
in which were still deposited some crystals of sulphur after filtration. Found 
sulphur =0*98 per cent. The quantity of sulphur so found may be neglected, 
when compared with that which brown substitutes contain. The problem to 
detect the presence of white substitute in rubber, brown substitute, or in an ordinary 
fatty oil, and to estimate them therein, may therefore be regarded as solved. The 
presence of appreciable proportions of chlorine points to the addition of white 
substitute. The estimation of the sulphur in the fatty acids liberated from the 
alcoholic soda extract decides between brown substitute and a fatty oil. The 
method is inapplicable if a rubber contains all these three categories of substances 
simultaneously, but evidently that only occurs very rarely. What is to be 
understood by “patent rubber”? In Muspratt’s Technical Dictionary, fom*th 
(German) edition, it is said that the term is applied to those vulcanised rubbers 
the excess of sulphur in which has been removed by boiling in caustic alhaline 
lyes. This assertion is altogether erroneous. By patent rubbers is always meant 
those which are prepared from cut sheet, or the English sheet, cut by the saw 
from blocks of normal rubber. The method of making these sheets is known. 
The weU-purified rubber is agglomerated in a masticating mixer into cakes of 
3 to 5 kilogrammes (say to 11 lb.), A certain number of these cakes are 
amalgamated into a large block by means of a hydraulic press. ^ This large block 
should be brought to such a decree of hardness that it can be divided into sheets 
of any thickness. Formerly, this object was obtained by abandoning the blocks 
for several months in cool cellars. At the present day, without doubt, artificial 
cold, to which the blocks are exposed for some days, is alone used f or^ this purpose. 
The characteristic of the English sheet is the striated aspect which it owes to the 
action of the saw, and which every one has seen in good quality pliant rubber, used 
for surgical or scientific purposes. It would, however, be risky to admit that all 
rubbers which show the striae of which we speak have actually been obtained from 
the cut sheet, because it is not difficult to obtain the same appearance by calender- 
ing the rubber, made in the ordinary way, between rolls carrying grooves which 
imitate on the sheet, while it is still soft, the imprints left by the saw. Objects 
made from English sheet are almost always vulcanised in the cold by sulphur 
chloride. A small proportion only is vulcanised by the old process of immersion 
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in a bath of molten sulphur. It would be interesting to complete this examination 
of the analysis of rubber and substitutes by the analysis of rubber vulcanised 
according to Parkes’ process. It would be necessary to know, on the one hand, if 
this rubber also resists the action of alcoholic soda, and if the above method of 
analysis applies to rubbers vulcanised in the cold. On the other hand, it would 
be interesting to know if sulphur chloride acts upon rubber as upon oils, and fixes 
itseK on the molecule of hydrocarbide by its chlorine and its sulphur at one 
and the same time. Henriques analysed numerous samples of patent rubber, 
and generally found more sulphur than chlorine. The following are some 
of the results obtained. He first cut as thin sheets as possible out of a block 
of pure dry Para, which he treated with chloride of sulphur. The analysis 
gave — 

Table LXXYIII. — Results oe Analyses op Pube Paea Rubbee Tebated 
WITH SULPHUE ChLOEIDE. 



I. 

II. 

1. Ash of the initial nibber .... 

0*46 

0*46 

2. Sulphur 

6-19 

0-50 

3. Ghlorine 

5'61 

0*57 

4. Matter extracted by alcoholic soda . 

2-90 

2*20 

5. Ashes contained in residue 

0-67 

0*90 


* Alcoholic soda therefore no more attacks rubber vulcanised in the cold than 
rubber vulcanised in the ordinary way. The method of analysis is therefore 
applicable to both of these commercial sorts. Sample L was supervulcanised 
almost hard and barely elastic. Sample II., on the contrary, was insuffi- 
ciently vulcanised, and at 100“ 0. (212“ F.) had already become tacky. These 
analyses, therefore, represent limited sorts. Henriques procured, on the 
other hand, authenticated English sheet, which he analysed before and after 
vulcanisation — 

Table LXXIX. — Analyses op English Cut Sheet peevious to and aptee 
Yulcanisation by Sulphue Ghloeide. 



English Sheet. 


Normal. 

Vulcanised. 

1. Ash 

Per cent. 
0*18 

Per cent. 

0-18 

2. Sulphur 


1-07 

3. Chlorine 


0*89 

4. Alcoholic soda extract .... 

1*94 

1*66 

5. Sulphur in extract IV 

0-571 

6. Chlorine in extract IV 


0-55 

7. Dissolved rubber (by difterenee) 

l’*94 

0-54 


It would be expected that these patent rubbers of commerce would behave 
in an analogous manner when treated with alcoholic soda. Books dealing with 
the indiarubber industry repeat, in fact, that patent rubber cannot be cut 
except from blocks of good quality , Para. Great was Henriques’ astonishment 
1 All these figures are brought to per cent, of initial substance. 
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to find anticipations deceived by a great number of samples like the following, 
for example — 


Table LXXX. — Analyses of Commeecial Sheet Rubber. 



I. 

11 . 

III. 

1. Ash .... 

2. Sulphur .... 

3. Clilorine. 

4. Extraction residue . 

6. Ash in residxie IV. . 

6. Sulphur in IV. 

7. Chlorine in IV. 

rs+01 

Soluble matter-! organic 
( (abont) 

Per cent. 
0*67 

3*68 

3*63 

84-30 

1*80 

1*92 

1*31 

4*08 

12*60 

Per cent. 

2*37 

2*61 

92*10 

1*77 

1*54 

1*67 

6-60 

Per cent. 
0*20 

1*86 

1-33 

94-50 

0-88 

0- 83 

1- 17 

1-67 

6-00 


Sample I. was a cheap quality of North German manufacture. Samples II. and 
III. were rubber tubings of unknown origin. To ascertain the nature of the 
soluble product in sample L, 50 grammes of this substance were extracted by 
alcoholic soda, the alcohol evaporated, the liquid acidulated and taken up by ether. 
The latter aliandoned an apparently oily residue, containing sulphur, 6 *29; 
chlorine, 0*35; iodine value, 92. 

The analogy of these figures with those previously obtained in the analysis of 
ordinary rubber sophisticated with white substitute did not appear to leave any 
doubt as to the presence of a similar substitute in the patent rubber examined, 
Henriques, moreover, learned from a manufacturer, that for some years back it is not 
rare to meet with cut sheet containing substitutes sometimes to the extent of one-third. 
It seems desirable to point this out, as many people are still persuaded that in buying 
cut sheet or patent rubber they will get pure rubber. The above analyses show how 
far this way of thinking is from being justified. The author has been able to control 
the results of his method by applying it to the analysis of manufactured rubber made 
by a rubber manufacturer with laiown proportions of white or brown substitues or 
colza oil. He has simplifed and improved his method so that it takes much less 
time and requires fewer precautions than at the outset. “ I have found,” says he, 
“that rubber treated with alcoholic or aqueous soda retains a non-neglectable 
quantity of alkali, the weight of which must be determined so as to add it to that 
of the dissolved substances obtained by difference (see preceding). This is not all. 
To the dissolved substances, it was necessary to estimate the sulphur in the initial 
sample and in the extraction residue. In washing the extracted rubber by boiling 
it with dilute hydrochloric acid, and washing until neutral, the quantity of alkali 
retained by the rubber is so small that in calculating the results it may be 
neglected.”’ The complete analysis of a mixture of substitute, fatty oil, rubber, 
and sulphur comprises the following six determinations ; (a) total sulphiu ; (b) 
total ash ; (c) weight of the substance extracted by alcoholic soda ; (d) weight 
of the sulphur in the exti’act (c) calculated to the sample analysed ; (e) ash of the 
extract calculated to the sample analysed ; (/) sulphur of the fatty acids (dissolved). 
To determine c, to 2 grammes of the substance are sufficient. In general, the 
extraction may be considered as finished after two or three hours* boiling with a 
reflux condenser with alcoholic soda. But it is well to renew the extraction from 
one to two hours with fresh lye, for the sake of precaution. Even the small 
quantity of the rubber itself which dissolves in alcoholic soda is taken into account 
by deducting from the alcohol extract 2^ per cent, of the weight of the rubber 
found by difference. This correction is the result of the average of ten determina- 
tions, the results of which varied between 0*9 and 3*5 per cent. Having the six 



280 


INDIARUBBER 


results indicated, the percentage of fatty acids {y) in the mixture, sulphuretted or 
otherwise, and the percentage of rubber (x) are obtained by means of the 


equations- 


2*5jc 

Too 


from which it follows — 


H-y= 100 -c + (e~6) -{a-d) 
+ 100 ~(a + i) ; 

X H- ^ 9 !^ 

97*5^ ^ 


3^=100-‘(a + 6+i»). 

The following results were so obtained in the case of three kinds of rubber, the 
composition of which was given by the manufacturer : — 


Table LXXXL — ^Analyses of Vulcanised Rubber containing Substitutes. 



I. 

Rubber mth Brown 
Substitute. 

II. 

Rubber with White 
Substitute. 

HI. 

Rubber with Oil. 



Per cent. 

Per cent. 

Per cent. 

{a) . . 


19*46 

11*38 

21*55 

{h) . . 


0*72 

0*40 

0*40 

(c) . . 


68*37 

67*68 

63*40 

{d) . . 


2*64 

1*61 

3*06 

(e) . . 


2*70 

2*81 

3*17 

if) . . 


16*60 

9*27 

3*20 

Chlorine . 


Nil. 

Very strong reaction. 

Nil. 


From which we calculate the composition — 

Table LXXXIL— Composition op Rubbers whose Analyses are given in 

Table LXXXL 



I. 

II. 

III. 


Found. 

Indicated. 

Found. 

Indicated. 

Found. 

Indicated. 

Sulphur . 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

16*13 

16*4 

9*19 

9*6 

21*55 

23*5 

Brown substitute 
White substitute 

18*50 

19*3 

25*43 

25*8 

Oil . 




20*42 

17*7 

Rubber . 

64-65 

64*3 

64*98 

64-6 

57*63 

68*8 

Ash .... 

0-72 


0*40 

... 

0*40 


100*00 

100*00 

100*00 

100*00 

100*00 

100*00 


The agreement is very satisfactory. Henriques likewise sought methods of 
estimating or biimnen, a substance which is very often met with in 

phMt rabber and ebonite. The usual solvents capable of dissolving asphaltum 
without residue, chloroform, spirits of turpentine, for example, swell non-vulcanised 
rubber into a porous mass, which renders aU separation impossible. Mtrobenzol 
^8 not this drawback, and easily dissolves bitumen. On that fact the 
foUoivmg method IS based. One gramme of the sample to be tested, as finely 
divided as possible, is placed in a test-glass on foot, to digest with 30 c.c. of 
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nitrobenzol. After an hour in the cold, the whole ia thrown on a filter, and the 
fragmenta of rubber pressed against with a glass rod, and washed with 30 c.c, 
of the same solvent. The contents of the filter, exj^ressed as far as possible 
between folds of filter j^aper, are washed, by means of the wash-bottle, into a 
capsule ; water added and boiled until all smell of nitrobenzol has disappeared. It is 
again brought on to a tared filter, washed, dried, and weighed. When the rubber 
is charged with mineral substances, the particles of which become detached on 
boiling, or partially dissolve, the contents of the capsule are evaporated to dryness, 
after elimination of the nitrobenzol. By so treating several kinds of non-bita- 
minous rubber a loss was found of 1‘44, 2*03, ITO, 1*54 per cent., say an average 
of per cent. By allowing for the correction resulting from this partial solubility 
of rubber itseK in nitrobenzol, if we analyse a mixture containing only non- 
vulcanised rubber and asphaltum, supposing w to be the percentage of rubber in 
the mixture, we get — 

JQ 0 -{- 100 “«r — CL, 

In applying the process to the analysis of vulcanised rubbers, matters become 
a little more complicated by the presence of free sulphur, a portion of which 
dissolves in the nitrobenzol. But if such sulphur be eliminated beforehand, the 
results become normal. The extraction of the sulphur is best effected by the 
alcoholic soda used to dissolve the substitutes and the oils. It suffices, therefore, 
to proceed to the estimation of the asphaltum on the sample which has been usocl 
to determine the substitute. (Before filtering the liquid resulting from the extrac- 
tion by alcoholic soda, it is necessary to eliminate all the alcohol, as already 
recommended.) Heuriques found that asphaltum itself, under these circumstances, 
only suffers a neglectable loss of weight, 4 to 5 milligrammes for 1 gramme, whilst 
several vulcanised rubbers, previously desulphurised by alcoholic soda, washed and 
dried, subjected to the same treatment,, lost 2*7, 2*33, 4*11, 3*51 per cent, of their 
weight, say an average of 3 per cent. This figui'e may be taken as the coefiicient of 
solubility of vulcanised rubber in nitrobenzol. It is allowed for in calculating the 
analysis. The process was applied to four mixtures, izi known jjroijortion, of 
vulcanised rubber and asphaltum. It gave the following results : — 


Table LXXXIII. — Analyses of Rtjbbeh Mixtures containing AsniALTUM 
Determination of Asphaltum therein. 



Ingredients of Mixture analysed. 

Loss on 
Desul- 
phurising. 

Loss on 
treating 
the Desul- 
phurised 
Sample 
with Nitro- 
benzol. 

Percentage of 
Asjdialtum. 

In the De- 
sulphurised 
Sample. 

In the 
Original 
Sample. 

A 

B 

0 

D 

/Rubber and sulphur 90*00\ 
\ Asphaltum . . 10*00 / 

/Rubber and sulphur 80*00l 
\ Asphaltum . , 20 *00 J 

/ Rubber and suphur 77 ’ 27 \ 

\ Asphaltum . . 22*73/ 

/Rubber and sulphur 71 *46 \ 

\ Asphaltum . , 28 *64 / 

Per cent. 

8*40 

6-89 

6*84 

4'86 

Per cent. 

14*18 

28*05 

26*48 

31*46 

Per cent. 

11 -ss 

20*68 

24*20 

29*34 

Per cent. 

10*67 

19*45 

22*54 

28*05 


The process is also applicable to the analysis of ebonite. The coefficient of 
solubility in nitrobenzol would appear to be a little smaller in ebonite than in that 
of pliant rubber. The loss in the case of three kinds of pure ebonite — rubber, 
sulphur, and mineral vulcaniser — was T59, 3*22, 2*22 per cent. Still, in tlie 
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absence of more experiments upon tMs point, 3 per cent, may be taken as the 
solubility of ebonite desulphurised by alcoholic potash. The analysis of an ebonite 
consisting of 80 per cent, of rubber and sulphur and 20 per cent, of asphaltum 
gave — 


Table LXXXIV. — Analyses OF Ebonite containing Asphaltum. 


Weight on 
Desulphurising. 

Loss on treating 
the Desulphurised 
Sample with 
Nitrohenzol. 

Percentage of 
Asphaltum in the 
Desulphurised 
Sample (2 per 
cent, for the 
Rubber). 

Percentage of 
Asphaltum 
calculated on the 
Original 
Sample. 

Per cent. 

5*96 

Per cent. 

22*50 

Per cent, 

21*01 

Per cent. 

19*76 


Artificial asphaltum, made from coal-tar pitch, dissolves completely in nitro- 
benzol, like natural asphaltum. 

Fontio's scheTiw for aTialysu of Buhber based on Henriques^ & C, 0. WeheFs 
Methods. — Pontio, like Weber, separates the constituents of rubber into four groups, 
each of which has its own characteristic solvent — (1) the absolute alcohol grcmp^ 
comprising free sulphur, rosin, paraffin, oils, and fats; (2) the alcoholic soda graiifp, 
substitutes, sulphur combined with substitutes ; (3) the acetone-lavender group^ 
naineral oils, bituminous products ; (4) the cumol group^ rubber and suljphur com- 
bined with rubber, mineral matter, and free carbon. 

The first and fourth group separation may be used for natural unmixed rubbers, 
and would be of great use in buying. The whole four groups are necessary for 
black and grey, red and white rubbers. The fourth separation could be replaced by 
estimating the mineral matter by direct ignition, the rubber and vulcanisation 
sulphur being then got by difference; but this mode of operation is impossible 
when the presence of vermilion, free carbon, or free sulphur is suspected, and in 
that case the whole four groups must be worked through. Absolute alcohol 
employed for the determination, by difference, of free sulphur and resins, is a fairly 
good solvent for the purpose; 100 parts of absolute alcohol dissolve in weight 
0;425 grammes of sulphur, or 700 c.c. or 555 grammes of absolute alcohol can 
dissolve 2*360 grammes of sulphur. As 700 c.c. 555 (grammes) is the quantity 
necessary for the simultaneous determination of resins and free sulphur for four 
sample trials of 0*500 grammes each, it wiU be seen that for each sample this 
corresponds to 0*590 grammes of sulphur, a weight greater than the sample taken. 
As manufactured rubbers contain generally a maximum of 10 per cent, of sulphur 
mth a minimum of 6 per cent, of which two-thirds are combined, it will be seen 
that there remains a margin quite large enough for determining the remaining free 
sulphur ; the same liquid can therefore serve for two series of four samples The 
imitations and the sulphur combined with them can be estimated without difficulty 
by alcoholic soda, as Henriques recommended. But, after the free sulphur has 
been eliminated by absolute alcohol, and the sample treated with alcoholic soda, 
the residue from the alkaline extract may be used to estimate, quantitatively, the 
sulph,^ combmed witJi the substitutes. This method only applies to samples 
tieated separately j but as this estimation is only of relative importance in most 
cases, it IS estimated by difference. The bituminous matter and the unsaponifiable 
producte should only be estimated with the acetone-lavender, after treatment with 
^cohohc sodium hydrate, for the imitations are slightly soluble in this mixture, 
whilst asphaltum and imneral oils do not dissolve in alcoholic soda Pontio use^ 
a pecuhar diptoi-l^mator, constructed by G. Fontaine of Paris. This apparatus 
comprises a heated^-htee flask containing the alcohol and solvents. This fladc was 
onginally surmounted by a series of bulbs, each of which carries a watering rose. 
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where the sample is placed. A gibhet with four corresponding small baskets is 
placed directly over the bath of hot alcohol. Above these bulbs is a condenser in 
which the alcohol vapours are condensed, and from whence they fall back into the 
dask, after having re washed the samples placed in the bulbs j eight samples can 
thus be treated at once. Pontio has lately altered the construction of his extractor 
so that twelve samples can now be treated at once. It now consists of two super- 
imposed receivers of hard glass, of a blown glass arrangement and a Soxhlet 
condenser. The lower vessel is a digestion flask fitted with a stopper forming a 
cork, in the centre of which are adjusted (1) the ground stem of the upper vessel 
(the lixiviator); (2) a support to hold six funnels. Inside the lixiviator there 
are adjusted in the centre of a second ground stopper six ‘‘roses,” fitted with 
hooks on which to fix: the funnels. Each “rose” is surmounted by an elbow 
forming a tube, which connects it with the condenser through a ground aperture. 
Method of worhinig , — Remove the stopper from the apparatus, place it on a 
support so as to fix the samples in the special funnels and hang them on the 
bracket hooked into the lower aperture of the lixiviator, grease the stopper with 
vaseline in its ground part, and insert stopper after introducing necessary solvent. 

1. Method of operating — Absolute alcohol group — Determination of free sulphwr^ 
redns, and paraffin . — ^Weigh out 0*500 gramme of finely divided rubber, place in the 
bottom basket, heat the sand bath, and let the boiling alcohol act during six hours. 
The sample is then raised into a higher bulb in the old apparatus and underneath 
one of the circular battery of “ roses ” in the newer design, where it is washed by 
the condensed alcohol vapours. The washed products are then placed with their 
funnels in the carbonic acid oven, and maintained at a temperature of 115® C. for 
two hours, and, after cooling under a desiccator, each sample is weighed. The 
difference in weight gives the sulphur, resins, paraffin, and water contained in 0*500 
grammes of the product under analysis. 

2. Alcoholic soda group — Substitutes and substitutes combined v)ith sulphu/r . — 
The solid residue left from the preceding operation is allowed to digest in limpid 
alcoholic soda (8 per cent, of ISTaOH in 95 per cent, alcohol). After digesting 
for six hours it is removed, together with the funnel containing it, washed in 
boiling water until completely neutralised, and then with hot alcohol. It is dried 
at 115®0. and afterwards weighed. After checking the losses due to determination 
of the preceding elements, the difference in weight indicates the quantity of 
substitutes and of sulphur combined with these, contained in 0*5 gramme of the 
sample. 

3. Acetone-lavender group — Bitmvinous products^ mineral oils . — The residue left 
from the two preceding groups is again placed in a funnel and allowed to digest 
in the boiling mixture of acetone-lavender (40 per cent, of essence of aspice, 
dextrorotary lavender, and 60 per cent, of acetone) for the same number of hours. 
The above manipulations are then repeated, and the loss of weight gives the weight 
of ‘the elements soluble in this mixture, i.e. the asphaltum, the unsaponifiable 
oils, etc., plus those soluble in alcoholic soda, which are to be deducted from the 
total loss. 

4. Pel/rol&imrbenzine group — Rubber and sulphur combined with rubber — Inert 
matter . — One or several fresh samples are now taken of 0*500 gramme each. These 
are placed on specially dried filter papers (selected Schleicher; diameter 7 
centimetres) that have been previously freed from grease by the solvent employed 
for the determination. About 10 to 12 milligrammes per filter paper are regularly 
lost in this washing. The solvent employed is cumol vapour. The sample is first 
placed, as already said, in a tared filter of 8 c.c. diameter containing a known weight 
of china clay (washed and calcined). The folding of this paper is of vital 
importance. There must be no adherent surfaces to avoid capillary ascension. 
The paper is first folded in two, then quartered, the inner fold is brought back 
once upon itself by folding it again into two, then a horn is made as on a carte de 
visite. The parts in contact are then separated by a forceps or the blade of a knife. 
After introducing the kaolin, the paper is moistened with a few drops of cumol and 
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the kaolin laid in the bottom of the filter. That done, the filter is furnished with 
its platinum wire support and the whole suspended about 1 centimetre above the 
top of the liquid, the cumol is boiled, and after twelve hours’ digestion tlic samples 
are withdrawn and washed, first with' crystallisable benzol from a wash bottle ami 
then with boiling 95 per cent, alcohol. They are dried at 115“ or 120“ C., and then 
weighed. The solid residue is composed of mineral salts, free carbon, vegetable 
debris, etc. The part dissolved contains the pure rubber and the pli^hur combined 
'with rubber. The mineral matter may be determined by igniting the sample in 
closed capsules ; the muffle should not, however, be heated above a dull red until 
all smoke disapj)ears, when the Hds are removed and the capsule so arranged that 
its bottom is not in direct contact with the muffle, which ought only at this moment 
to have reached a dull red. heat. When the carbon on the sides of the capsules has 
disappeared, the residue is weighed. The ashes after cooling under the desiccator 
are weighed. This method is not so perfect as the solution method. M. Pontio 
afterwards gives the complete results of the analyses that he has carried out by this 
method, which, although not possessing the exactitude of certain more complicated 
methods, is amply siSicient for all i^ractical purposes. He also publishes the 
processes he has em23loyed for separate determination of sulphur in the different 
states in which it occurs in manufactured rubber. As above stated, he has altered 
{Bull, cle la Soc. Ghim., 4 Ser. t. 6, p. 428, 1909) the design of his lixiviating digester, 
so that the roses with funnels underneath each are arranged in a circular battery 
form, their number being increased to six, and made several other modifications in 
his processes. But we cannot afford further space to his methods, except to 
remark that his group 4 solvent is now cumol vapour, and that a layer of about 
2 grammes of china clay is placed in an 8 c.c, diameter filter in which the sample 
is placed in the extracting funnel. 

Some years ago, Dr. Schultze^of London claimed that the greater number of the 
prejudices against the use of substitutes are unfounded. Dr, Axelrod, Chief 
Chemist of the Kabelwerk-Oberspree, near Berlin, also urges that the same is 
the case with brown floating substitutes, and that these substitutes are not 
oxidised by atmospheric oxygen, and the perishing of the rubber need not be 
feared from that cause. Further, it need not be made a grievance against substitutes 
that they contain free non-saponifiable oil ; on the contrary, this oil which may exist 
with a percentage of 35 per cent., facilitates the homogeneous distribution of the 
substitute in the rubber. One knows that the substitute will miy well with the 
rubber when it can be rolled into a thin transparent sheet. It is even advan- 
tageous, he m'ges, to have a larger proportion of oil than the above, in the case of certain 
mixtures. It may even be found up to 45 per cent, j acetone and hot alcohol 
easily extract this oil. As it is not oxidisable it plugs up the pores of the rubber, 
and the latter does not oxidise so readily. The same result may be obtained by 
the use of a certain amount of resin or paraffln. The following is a mixture 
for red washers • 


Table LXXXY. — Mixing foe Bed 'Washbes. 



Per cent. 

Manaos rubber 

Golden sulphide 

Tlowers of sulphur .... 
Broivn floating substitute . 

. X 

7 

0-063X-3-16 

96-16x-l-063x 


In t:^ above formula, x may be taken as having a value between 90*44 and 50 per 
used strength will be higher the greater the amount of rubber 

kobeVs Patent~VB.t&sit No. 235,829, taken out by Mr. Nobel on the 26th 
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January 1894, for obtaining a new substance capable of being used as a substitute 
for rubber, as well as for gutta percha, leathers, and varnishes, of which the 
originality alone opens a new field of investigation to our research chemists, as well 
as to those in the trade always in quest of the new and the best : — By dissolving, 
in a substance which lends itself to the purpose, nitrocellulose, oxynitrocellulose, or 
hydronitrocellulose, products are obtained, the consistency of which is proportionate 
to the proportion of nitrocellulose effectively dissolved; it is in this way that 
celluloid is formed, which consists most generally of two parts of nitrocellulose for 
one part of camphor' Leaving decidedly explosive substances out of account, 
celluloid is the only substance thus obtained which can be utilised in industry. 
However, many attempts have been made to produce more or less analogous 
substances, but less rich in nitrocellulose, and capable of replacing rubber, gutta 
percha, leathers, as well as form utilisable leathers : even the substance patented in 
Britian in 1891 by Fredr. Crane, under the No. 3315, and which consists of 
sulphuretted oils, does not yield the results promised. It is for want of solvents 
really fulfilling the end in view that attempts have failed. My researches have 
enabled me to discover numerous solvents for nitrocellulose, oxynitrocellulose, and 
hydronitrocellulose, bodies which I shall hereafter call by the inclusive name of 
nitrocellulose, in proportions appropriate to the end in view — substances of such 
an elasticity and consistency that they may advantageously replace rubber, gutta 
percha, leather, and vai’nishes. To be suitable for the above-named purposes, a 
solvent should possess the following properties; — (1) It should dissolve nitro- 
cellulose as freely and completely as possible, without there being, within the 
ordinary limits of temperature, either exudation or separation of the solvent, or 
want of plasticity of the product, or a tendency to become brittle. (2) It ought 
to enable products to be obtained which •withstand moisture and direct contact with 
water. (3) It ought to be as little inflammable as possible, so that the product 
obtained be neither so explosive nor so combustible as to render its use seriously 
dangerous. (4) It ought to be fixed, or at least so little volatile, that the products 
obtained undergo no change in consequence of the gradual evaporation of the 
solvent. (5) It ought to have suflScient chemical stability, so that no spontaneous 
decomposition may take place. In order to find solvents for the production of the 
above-named substances fulfilling these conditions, I have had to search amongst 
substances unknown as solvents of nitrocellulose, for the above-mentioned purposes. 
They are enumerated below : — 

1. The chloro and bromo, as well as the chloro- and bromo-nitro derivatives of 
camphor, — ^nitrocamphor, nitrocymenes, nitrotolulols, di- and tri-nitrobenzols, nitro- 
xylois, nitrocumols, nitronaphthalines, nitranilines, as well as the chloro and bromo 
derivatives of all these substances; chloro- and bromo-nitrobenzol, chlorhydrins, 
acetins, acetochlorhydrins, and camphorins, nitrated rosin oils, in particular those 
obtained by the distillation of rosin soaps, as well as their chloro and bromo 
derivatives. Castor oil may be added to the above-named solvents, provided that 
it be not used to such an extent as to endanger the solubility, so that exudation 
occurs either on heating or cooling. 2. The above-mentioned solvents mixed or 
combined with one another. 

By chloro and bromo derivatives I mean here, and throughout this descriptive 
memoir, chlorine and bromide addition, as well as substitution products. The 
solvents which are solid at the ordinary temperature should be melted or dissolved 
in a liquid solvent, so as to facilitate the incorporation of nitrocellulose with 
these solvents. As nitrocellulose is never a homogeneous substance, the most 
suitable kind for the purpose can only be chosen by experience, the more so as for 
economical or other reasons one solvent will be preferred to another, and because 
the best cellulose for one solvent is not always the best for another. But a slight 
preliminary test will easily determine whether the right degree of elasticity or 
consistency has been obtained. It is important to note that, with equal solubility, 
the least nitrated cellulose (obtained by direct nitration by weak acids, or by 
denitration by means of known processes of a strongly nitrated nitrocellulose) is to 
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be preferred, since by its use the inflammability of the product may be reduced to 
a TninimiiTn . Amongst these solvents the above-mentioned chloro and bromo 
derivatives are those which most attenuate the inflammability of the product. 
Nitrocellulose may be dissolved in, or incorporated with, the above-mentioned 
solvents, either in the moist or in the dry state. In the first case, incorporation 
with the liquid solvent, dissolved or melted, is very easily accomplished by 
mechanical mixing. In the second case, it is preferable to facilitate, by the 
addition of good volatile solvents, such as acetone, ether, alcoholised ether, 
methylic alcohol, ethylic acetate, the incorporation of the dry nitrocellulose. In. 
both cases the substance should be mixed, either in a good mechanical mixer, 
heated by steam, or between the cylinders of a roller machine, likewise heated by 
steam, and the work should be continued until the substance becomes perfectly 
homogeneous and presents the desired consistency. If the final product be 
intended to be used at a temperature above the normal, the proportion of dissolved 
nitrocellulose ought to be increased, as the consistency of the product decreases in 
direct ratio with the temperature. It would be useless to specify here the great 
number of solvents which may be obtained by mixing or combining the above- 
named solvents, and I confine myself to enumerate below some good solvents which 
may serve as types : — 


Table LXXXVI. — Solvents Capable op being Used to Dissolve Nitro- 
cellulose CLAIMED IN Nobel’s Patent. 


1. Five parts of nitrocumol, 

Three parts of mononitronaphthaline. 

2. One part of nitrocymene, 

One part of nitrocumol, 

One part of mononitronaphthaline. 

3. Bromocamphor. 

4. Ohloro- or bromo-nitrotoluol. 

6. Ohloro- or bromo-nitrocamphor. 


6. One part of nitrated rosin soap oil. 
One part nitroenmo], 

One part mononitronaphtlialine. 

7, One part broraonitrotoluol, 

One part mononitronapbthalino, 
Two parts of nitrocumol, 

Two parts of nitrated rosin soap oil. 


By dissolving in one of the above or equivalent solvents 15 to 20 per cent, of 
its weight of nitrocellulose, a very elastic mass is obtained, so much resembling 
rubber that it may be mistaken for it. Between 30 and 40 per cent, the substance 
approaches in properties more to the nature of gutta percha. If the nitrocellulose 
be still further increased, the product presents the appearance and consistency of 
leather. 

If the solvent be very viscous, as is the case with the nitrated rosin oil, it 
requires much less nitrocellulose to be dissolved to obtain the same consistency than 
is used with very fluid solvents. 
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GUTTA PEKCHA 

Under the name of gutta isercha are described very diverse products, amongst 
which there is thus established a confusion which is very annoying and prejudicial 
to industry in general. 

“It is of great interest to see light dawn on a question which up to now has 
been so obscure. The study of the botanical origin of those products which up to 
the i^resent time have been grouped under the name of gutta perclia is still but 
very little advanced, in spite of the works of numerous savants. It is necessary 
that the greatest efforts be made to establish the botanical origin of all the com- 
mercial varieties of gutta percha, and that as far as possible the methodical 
cultivation of the trees which yield good varieties be propagated and developed so 
as to prevent their disappearance.” 

De. Beauvisage, Paris, 



HISTOEICAL mTEODUCTION 


If, on the one hand, France can claim the honour of being the first Enropean 
nation to receive and utilise samples of IndianMer, Great Jiritain, on the otlier 
hand, was the first European country to receive and utilise samples of (jntta 2 

Gutta percha, which the native Malay race of the jion insula of Malacca, of the 
islands of Sumatra and Borneo, utilised from a very remote but undetorniiiied 
epoch, was first introduced into Europe by the English traveller John Tradascant 
under the name of Mater Wood. According to Obach, the first sample of gutta 
percha was brought into Europe by those indefatigable travellers and curiosity 
hunters, the Tradescaiits, father and son, somewhere about the iiiiddh) of tlic 
seventeenth century. On page 44 of Museimi Trculescantiaimvi, or a Colkcfwu of 
Earities preserved at Scnvth Lamheth ower London (a small book ])y John Trade- 
scant the younger, pubhshed in 1656), there is included in a list of such rarities as 
“Birds’ nests from China,” “Indian Fiddle,” “Blood that rained in the Isle of 
Wight,” and so on, a descriptive entry of a very interesting item, namely, “ TJie 
plyable Mazer Wood, being warmed in water, will work to any form.” This entry 
is believed to have referred to a saini>le of gutta percha, because no otlior substance, 
adapted for use as a raw material for making mazers or goblets, having the 
peculiar property of becoming plastic in warm water, and capaldo of l:)eing worked 
to any form, in the same way as the “plyable mazer wood,” is known at tlie 
present day. What eventually became of this sample of “mazer wood” i.M 
unknown. The renowned Elias Ashmole obtained possession of the collection after 
the decease of the younger Tradescant, which occurred in 1662. Tlie new owner 
remo’^^ed the collection to Oxford to form the nucleus of the Aslimoloan Museum, 
opened in 1683, but the historical sample in question is now ncitlier at the Museum, 
nor at the Botanic Garden at Oxford. 

^ In the year 1843, two idval candidates, both of whom wore surgeons, and both 
residents of Singapore, claimed, each for himself, the honour of reintroducing gutta 
percha into Europe. One of those, whose name betokens Spanish descent, 
Dr. Jos6 d’Almeida, earned samples with him to London in the spring of 1843. 
These samples consisted of — (1) “a riding whip, made of the concrete milk of a tree 
indigenous in Singapore, called gutta percha by the Malays ; also (2) a specimen of 
the concrete milk in the lump,” with the remark that “ it becomes ductile ])y being 
placed in hot water.” The secretary of the Eoyal Asiatic Society a 2 )pears to Inivc 
acknowledged the recei 2 :)t of the above specimens in a letter dated Stli A 2 »ril 1843, 
and to have handed for analysis a 2 )ortion of the raw substance to Dr. J. F. Iloylc*. 

Ct would also ap 2 :)ear that Mr. W. C. Crane had previously received a similar 
portion, also for analysis, but from d’Almeida himself. But neither of these two 
gentlemen, entrusted with the sam23les for analysis, seem ever to have discharged 
he duty which devolved upon them. They a23pareutly made no experiments, 

>r at least no report on the samples with which they were entrusted, and, liad it 
lot been for the sam 2 >les of the rival candidate having fallen into more discreet, 
kilful,^ and fortunate hands, it does not seem far from im 2 )robable that 
'.’Almeida’s sam 2 )ies would have shared the same fate as Tradescant’s “mazer wood.” 
n any case, no results were immediately forthcoming as the result of d’Alineida 
nbmitting his samples to the Boyal Asiatic Society. Better fortune, however 
ttended the course pursued by the rival candidate to Dr. d’Almeida, for the 

19 


290 


GUTTA PERCHA 


honour of reintroducing giitta percha into Europe. This was Dr. William 
Montgomerie, who, through the medium of his brother-in-law, Mr. H. Gouger, 
submitted samples to the Society of Arts during the summer of 1843. These samples 
consisted of — (1) “One bottle of the juice”; (2) “specimens of thin sheets 
resembling scraps of leather”; (3) “s23ecimens of the substance formed into a 
mass by agglutinating the thin sheets, by means of hot water,” In this 
instance, as already hinted, almost immediate results atteiided the submission 
of the samples. At a meeting, held on 30th November 1843, the Joint Committee of 
Chemistry, Colonies, and Trade took into consideration specimens of a substance 
called “gutta percha,” from Singapore, sent to the Society by Dr. Montgomerie; 
and at a subsequent committee meeting, on 23rd January 1845, it was resolved 
“ that this substance appears to be a very valuable article, and might be employed 
in great advantage in many of the arts and manufactures of the country.” Again, 
at an ordinary weekly meeting of the Society of Arts, on 10th March 1845, 
Mr. Francis Whishaw, the secretary of the Society of Arts, described the 
specimens, and exhibited a piece of pipe, and a lathe band of gutta percha, 
which he had made therefrom, and which were afterwards on show at the Great 
Exhibition of 1851. Mr. Whishaw, not content with these j)ractical demonstrations, 
covered the bottle, in which the milky jiiice was originally received, with gutta 
jjercha, softened in hot water. It is sujDposed to have been at this meeting that 
Mr. Christopher Nickles, as one of the audience, acquired his first knowledge of 
gutta j)ercha, and so impressed was he with the intrinsic value of the product, 
that he induced Messrs. Wilkinson and Jewesbury, dealers with Singapore, to import 
a small trial order. Mr. (afterwards Sir) William Siemens first saw the product at 
the same meeting, and he, then and there, secured the samj^les, which he afterwards 
despatched to his brother, Werner Siemens, in Berlin, to test their suitability for 
insulating telegraph wires, a suggestion which has been attended, in the insulation 
of submarine cables, with results the effects of which cannot be over-estimated. 

It followed as a natural sequence that the Society of Arts, having so promptly 
and efficiently assessed the value of gutta percha, and found several uses for it, 
awarded Dr. Montgomerie on 2nd June 1845, its gold medal. Montgomerie first 
became acquainted with indiarubber in 1822, when he acted as assistant-surgeon 
to the Presidency at Singapore. He then lost sight of it for twenty years, namely, 
until in 1842, when he noticed a parang or woodchopper, in the hands of a Malay 
woodman, the handle of which appeared new to him. His curiosity was still further 
aroused when he learnt that the substance had the peculiar property of becoming soft 
and plastic, like clay, in boiling water, and he at once possessed himself of the article, 
and asked the Malay to procure him as much of this substance as possible. 

French writers assert that the first experiments in the use of gutta jjercha were 
not encouraging ; English manufacturers, they claim, were not able to appreciate 
this very peculiar substance at its real value. But some of these samples were sent 
to Paris, where, on the data of Montgomerie, they were made into probes and 
other surgical instruments formerly made of rubber. Montgomerie failed to 
persuade the London surgical instrument makers to give it’ a trial. In 1845 
Lagr^n^e brought back with him, on his return from an expedition to China, a 
certain quantity of gum plastic which he was able to secure during his passage 
through Singapore ; he submitted it to the French Minister of Commerce. The 
substance put at the disposal of the French manufacturers was better examined, 
and in the following year, Alexander, Cabriol, and Duclos took out the first 
French patent for the use of gutta percha (28th July 1846).^ This first patent 
is here given as a historical document. It shows, moreover, all the illusions which 
were readily, conceived at the outset in regard to this new gum — illusions which 
were not long in being dispelled. 

Th£ GahHol Fremh Patent of 28^A July 1846. — “It consists in lining 
both sides of a fabric of any kind of cloth, paper, or leather, with gutta in very 

^ But Hancock, Brooman, and Nickles had previously taken out British patents for 
utilising gutta percha. 
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thin sheets. For this purpose I place the stuff or fabric to be lined or water- 
proofed in a hermetically sealed vessel. The stuff having been thus got ready, I 
■wind on two rollers the two sheets of gutta which are to be used to line the stuff. 
The rolls and the vessel are arranged in such a manner that the stuff* as it comes 
out of the vessel unrolls itself, and is seized between the two rolls of gutta and 
is glued in between them, I then pass them to the hot rolls and heat the three 
united sheets, and I obtain a single, very consistent fabric, perfectly waterprcjof 
and homogeneous, fit for many purposes. In certain cases I suppress the inter- 
mediate fabric or core, and am satisfied with the fabric resulting from the sujjer- 
position of the two sheets of gutta percha, suporim23osed in an inverse sense to the 
thread of the roller, pressed in the hot state.” Gutta percha had taken its rights 
of birth amongst us, and a new industry was thus created. It is not intended to 
follow step by step the various j^hases through whicli this industry jjassed u] > to 
the moment when, its essential j^roperties being better studied and better known, 
gutta percha took its definite place in the diff'erent apj^lications to whicli it was 
thought it should be ajiiilied. It will suffice to say that, as a neiv jn’oduct, it .ivas 
employed for all the purposes first reserved for rubber. Peo 2 )lo became infatuated 
with it. Patents multiplied, one in emulation with another. Corks, cements, 
threads, slijipers, surgical instruments, garments, iiipes, sheathing for sliips, were 
all made of it, and even boats were made wholly of gutta perclia ,* and it is only 
necessary to read the reports of the regretted M. Ballard on the London Exhibition 
of 1851, to be convinced of the exaggerated enthusiasm incited by this now dis- 
covery. Of all these applications — more or less judicious — there now only remains 
but the memory, and if it were not for some quite special uses, the gijtta iDcrclia 
of Sumatra would very soon have been abandoned by industry. In fact, the 
characteristic properties of gutta percha are such that they are oj^posed to all the 
uses to which it was put at first. An eminently j^lastic substance at a but slightly 
elevated temiDerature, it was natural to see garments as well as slii)pers made of 
this material soften with the heat of the fire when it was approached. It was 
attempted to correct this defect by vulcanisation, which had just imparted to 
rubber its real industrial importance, but there again tliey were deceived in regard 
to the real jjroperties and the nature of the body Avhich they tried to vulcanise. 
The action of sulphur and halogens upon gutta can in no Avay bo coniiiared to tliat 
of these reagents on rubber. The illusions, therefore, held in regard to this sub- 
stance were only of ■ short duration, and it was really to the special 2 jroi)ertic.s of 
gutta percha, and more 2 )articularly to its malleability at a comparatively low 
temperature, as was well said by M. Guibal in his report on the Exhibition (if 
1878, that the cause of the relative non-success of the new industry was duo. It 
must not be imagined that gutta percha is a substance now little utilised and 
capable of being easily replaced. It is a very necessary substance indeed, and 
its discovery, as well as the study of its i^rojierties, occurred at the 2 ^sychological 
hour (at the right time), and that it was thus enabled to find its true [)lace in 
industry. Suppose gutta percha had been 2 ^ut on the international market simul- 
taneously with rubber, it is evident that at that moment, when dynamical electricity, 
electro-metallurgy, as well as the real scientific work of chemical, medical, ami 
photographical laboratories were hardly known, gutta percha would have been 
relegated to -the class of substances of but little importance, and assuredly 
Seligmann Lui, Beauvisage, Serrulaz, Biirck, and ever so many others, would not 
have been sent to the Indian Archipelago to search for gutta percha, nowadays 
regarded as indispensable to international life and transactions. Discovered, on 
the contrary, at the moment when dynamical electricity had already commenced to 
play a rather important rdle, the insulating 2 ^i'oporties of gutta, its extraordinary 
plasticity, and finally its inalterability in water, or, better still, in salt water, were 
s^ery soon perceived, and thus gutta percha came to be used in the making of 
^elegraph cables (Patents of W, H. Barlow and Th. Forster, 1847, and 3tl. W. 
Siemens, 23rd April 1850). Wheatstone, who from 1837 had tried to con- 
nect England telegraphically with the Continent, had j^erceived the advaiitagiss 
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pivsented by wires covered with gutta percha, but his idea was not realised by 
U'itlter Breit, who, ou the 10th January 1849, immersed the first submarine cable 
at Folkestone of two miles in length. In the interval, gutta percha had been used 
for the preparation of moulds intended to reproduce designs of very fine delicacy 
by electro-metallurgical processes. The resistance which gutta percha presented to 
.nnds Wits likewise taken advantage of in the making of vessels, funnels, and tubes, 
tlie use of which has become general in chemical manufacture, in photography, and 
ill laboratories. The medical art has, in fact, found in it a precious auxiliary in 
the manufacture of a great number of surgical instruments. Gutta percha has 
therefore only changed its employment ; but, in spite of the fact that this substance 
was wry soon only used sparingly, and that the immoderate waste in the beginning 
has ceased, its use has none the less assumed such an extension that the limited 
resources which nature pre.sents to us, under this head, would apjDear to be likely 
to l.*e exhausted in the near future. The governments of all civilised nations aro 
therefore justified in becoming alarmed at this state of affairs, more so that tlio 
.Malays and Papiian.s, more greedy of immediate lucre than anxious to ensure the 
future of their production, have neither sought a rational method of collection nor 
or im]»roved culture, the only methods capable of increasing or maintaining the 
original annual production. Felling mercilessly the producing trees, and only 
extracting the guttiferous latex but very imperfectly, they make a gap round about 
hem to such an extent, that if we look -at the lorices paid in the beginning and 
t]io>e now paid fur even inferior goods, we are really frightened at the constant 
progressive rise m the price of gutta percha. But not to anticipate ; we shall have 
occasion to return to this subject, so fuU of interest, and examine what lias Ei 
' f remains to be done to cope with the danger of an eventual deartli 

o gutta percha. Th^B elucidation of the reasons why governments scientists and 
manufacturers^ much importance to this question 

facilitated by the study of the botanical sources and the chemical and nhvsical 
IwTSi? " ‘Substance. But let us state at the outset that this study^iristlaJ 
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where it would appear pleasure had been taken in increasing the darkness. 
Dr. Beau visage, in a brilliant inaugural thesis, “Contributions to the Study of 
Gutta Percha,” delivered in Paris on the 14th February 1881, took as his motto 
these verses of Lafohtaine — 

“D’abo]’cl il s’y prit iiial, puis un peu iiiieiix, puis bieii, 

Puis onfiu il u*y nianqmi rien.”^ (Livre XII. f. ix.) 

We do not hope that in our book il ne manquera Hm (nothing will be deficient) ; 
but we have the firm conviction that — with the help of the numerous researches of 
our predecessors, and as far as the actual state of the knowledge that has been 
acquired will allow — we also will contribute to make the sphinx speak, of which 
Leon Brasse recently said, “ the more he. studied gutta percha from a practical 
point of view, the moi-e obscurities he found in it ” (Lumiere Electriquey October 
1892, vol. 46, pp. 51, 109, 160). 

1 “First he set about it badly, then a little better, then well; 

Then at last he was quite proficient at it.” 
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DEFINITION- OF GUTTA PEECHA— BOTANICAL OEIGIN— HABITAT 

The gutta percha latex is contained in isolated receptacles or sacs mainly in the 
inner parts of the bark. It is also present in the leaves. Fig. 105 B shows 

A a section through a 

branch, and 
(Fig. 106 A) through 
a leaf. Numerous 
latex receptacles, Z, 
in the primary and 
secondary bark, 
Z.P. and B,B. of 
the branch, as well 
as in the pith, P. 
The sections through 
the leaf show in one 
case the termination 
of two iatex sacs, and in the other the course of one of 
them within the imperfect cellular tissue or merenchyma. 
The club-shaped end and general bone-shaped form of 
the lacticiferous vessels, with their segmentary division, 
is characteristic of true gutta percha plants, and is not 
found in other Sapotacese. When the bark is cut or 
bruised, and the capillary sacs and tubes which contain 
the latex are ruptured, it flows out with greater or less 
abundance according to the species of the tree. This 
serves in the plant economy as a protection j 
stiU it is primarily an excretion, since it is discarded by 
the tree in its dead leaves and bark, and the bark of the 
live tree can be tapped and the latex removed with no 
apparent injury to the tree. 

A chemical examination of the milk or latex coming 
from the gutta percha trees upon wounding the bark, 
shows it to be composed of an emulsion of water and oil 
in a finely divided state. According to the species of 
tree, the water varies from a small (best species) to a very 
large percentage (poor species). A drop of the milk 
caught on the finger undergoes no apparent change for 
a few minutes, but by the end of this time a thin 
rubbery scum can be observed to have formed on the 
„ . surface. If this be removed, a second film will form, 

entire drop has become a small piece 
Pcaaquium fftka-, ^ ^ ^ leathery substance. When a fresh drop is 

branch. ’ worked between the fingers the hardening process or 

. . , . , coagulation takes place very quickly, and bv boilino* nr 

^^ng certain chemicals, such as mineral or vegetable acids, alum Lit etf it 
takes place almost instantaneously. What the nlture of to SiTg’pL’ess 
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is appears to be unknown. The subject is being investigated in tke Philippines 
laboratory. After coagulation sets in, the oily portion becomes hard and tough, 
while most of the water separates or is enclosed mechanically (Sherman). 

- Gutta percha as it comes to European markets is usually in the form of large 
blocks of various shai:)es — cylindrical rolls, square cakes, fiat bottles, etc. — wdiieh 
are characteristic to a certain extent of the district whence they come. Sometimes 
the native collector shows artistic tendencies, and moulds the gutta percha into 
the shape of birds, alligators, etc. 

Differentiation between indiaruhher and gutta percha ; similar origin of both . — 
At first sight gutta percha {gummicum plasticuni ) — which should be written 
gmutta pertcha^ to give it its true pronunciation — is a vegetable product analogous 
to rubber, as much by its method of formation in nature as by its comj^osition. 
Like rubber, it originates in the milky juice of certain trees, and again, like 
rubber, it would appear to consist essentially of a hydrocarbide, in which its two 
elements, carbon and hydrogen, are present in somewhat similar proportions. 

A wide difference between their properties. — But there the likeness stops ; and 
it is difficult to understand how tw^o substances, so dissimilar in i^roperties, were 
coupled together, at random as it were. These proj)erties, so very different, were 
admirably described by Morellet in his inaugural thesis jjreviously quoted. 

Different action of mechanical farce, on the two bodies. — “Rubber,” says 
Morellet, “is essentially an elastic body, i.e. but little capable, in its natural 
state, of preserving in a permanent manner the change in shape which a 
mechanical force acting uj)on it causes it to undergo j whereas gutta percha can 
preserve those changes' of shape produced on it by the action of forces of the 
same nature.” 

Comparative action of heat on * indiaruhher aoid gutta percha. — “ Natural 
rubber, that is, rubber which has not been treated with sulphur, indeed softens 
and becomes more malleable under the action of heat, but it jireseiwes its elasticity 
if the heat does not exceed certain limits, beyond which it loses its proj)erties, and 
consequently is profoundly altered, not only in its physical properties, but in its 
chemical properties as well. But under the action of a heat so regulated that it 
does not exceed 100" C. (212" F.), in boiling water, for example, gutta percha 
becomes a highly plastic and malleable substance, callable of preserving, on 
cooling, the appearance and shapes given to it at that temperature.” 

Their essential differences embodied in the Latin names of the two s^stances . — ^ 
These two principal characteristics are distinctly brought out in the Latin terms 
by which science has designated the two different substances, in giving to rubber 
the name of gummicimi elasticum, and to gutta percha the name of gwmmicwm 
plasticum. 

Comparative action of ai 7 \ lights and moistw*e on the tivo bodies. — Rubher, 
under the simultaneous action of the air, of a regulated temperature, and time, 
gradually loses its properties, and becomes converted into a tacky, viscous, more 
or less fluid substance. Gutta percha, under similar conditions, behaves quite 
differently, and changes into a brittle, resinous body. These transformations are 
more or less long in manifesting themselves, according to the different varieties 
and the conditions of the experiment. Water and a low temperature retard these 
changes of state in the two products. It is perhaps in these propei'ties that the 
greatest difference exists between the two substances which are being differentiated 
from one another. 

Comparative action of Sfulphur mi rubher and gutta percha. — Another dis- 
tinction of capital importance is that exhibited when these two substances *are 
treated with sulphur. It is easy to combine rubber with sulphur so as to obtain 
a homogeneous elastic substance, preserving at different temperatures below 150 
C. (302“ F.) the same properties as at the ordinary temperature ; whilst if it be 
attempted to combine gutta percha directly with sulphur the operation ^ is 
unsuccessful, in spite of every precaution which may be taken ; and if it be tried 
to combine an intimate mixture of rubber and gutta percha with sulphur, more 
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or less negative results are obtained, just as gutta perclia enters into the mixture 
in greater or less proportion. When gutta percha enters into the rubber mixture 
to a greater extent than 10 per cent, the oj)eration fails, and, on vulcanisation, 
there is only obtained a product showing on the surface, and also when cut, 
numerous blowholes and vesicular cavities. In the trade the mixture is said to 
puncture on vulcanisation. 

Differtnce in dielectHc properties, — The • dielectric properties of the two 
substances are far from being identical, and that, moreover, is one reason why it 
is not desirable to confuse gum elastic with gum plastic. The above are the most 
striking characteristics which differentiate essentially between the two products. 
They are, moreover, further explained, as by the essentially different botanical 
origin of the plants from which they are produced, as well as by the nature of the 
latex secreted. But before proceeding further it is necessary to define well the 
value of the term gutta percha. Here, again, we are in presence, not of different 
properties, but of data furnished by men of science, explorers, and manufacturers, 
which have nothing in common with similar information on the botanical origin 
of rubber. Whilst every one is agreed in acknowledging that it is the Heveas 
which yield Para rubber, i.e. the prototype of the species, all is obscurity and 
contradiction when it is a question of establishing the botanical origin of com- 
mercial gutta percha, and it would seem that a malignant pleasure had been taken 
in obscuring the question rather than in bringing some perspicuity and method 
to bear upon it. 

Manufacturers, merchants, travellers, scientific men, and even governments, 
tried to find sources of gutta percha in other regions of the intertropical zone, 
in other trees, whether belonging to the Sapotaceca or not, and which had 
not been previously examined from this point of view. “This period of 
research is still going on. The results, collected by science in different 
parts of the world, are very numerous, but very imperfect, and have not, as 
yet, given the desired practical results. Scientific men discovered, in the Indian 
Archipelago, Indo-China, Hindostan, tropical Africa, the Guianas, Brazil, etc., trees 
the juice of which may yield a good, a mediocre, or a bad gutta percha. They 
determined, vuth greater or less care and exactitude, the physical and chemical 
properties of these different products, but their investigations ended there, whilst 
manufacturers continued to receive most diverse substances, through numerous 
savage or civilised merchants, who could not or would not (for a very good reason if 
we consider the point well) give exact indications upon the botanical origin, nor 
even upon the exact geograi)hical origin of these products. The diversity of these 
is such that it would ajDpear impossible to determine the properties by which one 
could recognise the substance designated under such and such a commercial name. 
Any attemiDt to scale the commercial price current is absolutely vain ; to clear up 
this question, another road must be followed, and we must try to recognise, at the 
place of arrival, products whose origin and properties could be better studied at 
their point of departure. That is what I attempted to do, but in which I have in 
no way ^ceeded. The success of such a tentative does not appear impossible to 
reahse, but it would require long years of profound research, and collaboration of a 
great number of enlightened but disimterested persons.” That which was an almost 
insurmountable difficulty for Dr. Beauvisage in 1881 is a little less so to-day, thanks- 
to the labours not only of Beauvisage himself and his predecessors, from the days 
of Montgomerie, i.e. L^b, Bentham, Hooker, Oxley, Wight, de Yriese, Burck, 

but also and more 

especially to the labours and discoveries of Heckel, Schlagdenhaufen, Jimafleisch 
and of L. Brasse, Obach, etc. L. Brasse, in La Lwmiere BlectHque (see Biblio- 
grapny;, imp^ed at last some order to the classification of commercial anitta 
perc^, and thus enabled us to get at the real origin of the producing plants ^ 

Le^ Brasses mearcAes.— Leon Brasse, whom a long experience of nractical 
manufacture mitiated into the real wants of the industry, seems to have best^grasped 
the only way of looking at the question, and his wrak may be resumed In liat 
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characteristic phrase which brings out all its practical value : “ The question has 
always been badly postulated : there is not a (jood Jdnd of gutta percha hut several 
good kinds, each of which responds to a certain use, and it is these species lohich 
should he propagated^ By so- postulating the question, Leon Erasse not only 
pointed out the real road which should be taken to elucidate so important 
and still so obscure a subject, but he also supplied us with precious documents, 
the best of their kind known up to now, and we do not hesitate to appropriate 
them, but not without rendering homage to the science and to the talent of the 
writer. But he has made use of and been aided by the researches of the men of 
science previously quoted. He has been able to co-ordinate them in such a 
manner that to attempt to do better would be difficult in the present state of our 
knowledge. 1 At the commencement of the manufacture of submarine cables, trees 
were abundant, only good qualities were used, only large trees were exploited, and 
those which yielded an inferior j)roduct not at all. “But, as we can satisfy 
ourselves by examining the products preserved in collections, different qualities 
of gutta percha were even then used in admixture. What proves it is that the 
tools used at this epoch for the cleansing of the gum resin — tools still in use at 
the present day in some manufactories — could not have purified Isonandra gutta, 
if it had not been previously mixed with more plastic varieties. Later on, owing 
to the good quahties becoming rare, more and more inferior kinds were introduced 
into the mixture, and, to obtain the good qualities which were used in less 
proportion, but which it was necessary to use as far as possible, recourse had then 
to be made to barely adult trees. The production of prime quality gutta percha 
had thus become reduced to such a minimum, and its price so high, that at the 
Electrical Congress of 1881 the necessity was recognised of applying a system 
of rational culture to the gutta percha plants. Hence the mission of Seligmann 
Lui, who visited the east coast of Sumatra and the western coast of the Malay 
Peninsula, Early in 1883, Wray explored the State of Perak on its western 
coast, and Burck studied all the guttifers of Sumatra. Since then Serrulaz 
attempted, in several voyages, to finish the work of Seligmann Lui, and in 1871 ^ 
he refound the Isonandra Hooker in the same ravine of Boukett-Timah where 
Lobb first discovered it in 1847. These expeditions revolved in the same circle. 
They, however, agreed passably between each other. Sehgmann and Burck give 
the preference to the Dichopsis ohlongifolimi, Wray, who explored Peralc, reports 
in it the Dichopsis pustulatum (Pierre), ^ and Serrulaz, who remained in the environs 
of Singapore, refound the Dichopsis gutta qr Isonandra gutta. It is to be 
regretted that these explorations were all conducted on the rivers of the Strait 
of Malacca, because the gutta percha produced by this region is not the best of 
that which we use ; and, besides, the yield in gutta perclwb of an Isonandra is 
asholutely mis&rahle. There ought to he three other gutta percha-producing plants, 
giving a better and more ahumdant gutta, and that is %ohat Leon Brasse proposed 
to examvine. If, in the future, the juice of the Dichopsis or Palaquivm gutta, 
ohlongifolium oi ^pustulatum, should be alone available for industrial purposes, it 
would be necessary to modify the methods of manufacture, and the result might 
be quite different from that expected. Whilst, with a continuous supply of the 
kinds used in the beginning, before the dearth forced very inferior sjjecies of gutta 
percha to be used, future submarine cables will last equally long as those which 
have given such good results.” Byzantine discussions as to whether the word 
gutta percha is indeed the appellation which should be given to the substance, or 
if gutta taban or tuhan should bo substituted for it, need not find a i^lace here. 
Custom, rightly or wrongly, has adopted the name gutta percha to designate 

^ Obach {Cantor Lectures) has since thrown more light on the problem. The translator 
has condensed and embodied some of his Tables. — T r. 

2 See translator’s Preface. The correct date on the face of it is 1887 . — ^Tr. 

® Wray’s samples, analyses of which are given on p. 318, are in custody of Kew authori- 
ties and Institute of Electrical Engineers. He started on his expedition early iu 1883. 
Burck, who started towards end of that year, discovered fourteen species of gutta percha 
yielding trees. 
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commercial gvm plastic. We shall therefore definitely adopt that term ; and it 
only now remains to find out, at the proper time, if there be not several vaideties 
of the species, and if it be not desirable to give to the chemically pure substance 
another designation by which it may be distinguished from the raw product from 
which it is extracted. As to the true meaning of the term gxiUa percha or pertcha^ 
according to Serrulaz, the vtoy^dgiiUa {gv£tah or gueutta in the Malay language) is 
only used in an absolutely general sense, and means gum, and the word gomvnmjuttQ 
(gamboge) according to him is a pleonasm. The word Pertcha or Perjia^ which 
the French alone pronounce percha^ in no wise signifies, as all explorers assert, 
Sumatra. Sumatra, in Malay, is termed Perna^ that is to say, the world, the 
terrestrial portion inhabited j whilst Pertcha signifies rag, strip of cloth {English^ 
scraps), and designates very exactly the appearance of gums which before treat- 
ment with hot water present | the appearance of rags reduced to paste and 
compressed. It would not, therefore, be astonishing if this designation, which 
does not belong to commoni Malay, had been employed, not by the native working 
in the forest, but much rather by the merchant belonging to a higher class in 
those countries. This opinion may be taken as true, or at least the most probable, 
and the matter allowed to drop.^ 

The hotanography aiid habitat of gutta percha trees. — ^The botanical origin of 
gutta percha as well as the questions which relate to the habitat of guttiferous 
plants must now be dealt with. As soon as the valuable properties of gutta percha 
had been recognised in Europe, and a demand had been created for the article, the 
countries all around Singapore were searched with great avidity for Taban trees, 
and almost a craze for getah-collecting sprang up amongst the indigenous 
population. The consequence was that an immense number of trees of great size 
and age, probably hundreds of thousands, were ruthlessly destroyed during the 
first four or five years, and whole forests denuded of them, like those of Singapore. 
The exjjloration was conducted with such assiduity, that before the year 1848 
came to a close,, the much coveted Taban tree had already been discovered in 
Pahang, Johore, Malacca, Selangor, Perak, and Penang on the Malay Peninsula, 
besides the islands of Rhio, Gallang, and Singga in the Johor Archipelago. It 
had also been met with in Siak, Kampar, Indragiri, Tongkal, Jambi, and 
Palembang, on Sumatra, and in Coti, Passir, Pontianak, Sarawak, and Brunei on 
Borneo. Since that time the tree has been found in the northern and north- 
eastern parts of Borneo, on the west coast of Sumatra, and in some other districts 
on the east and west coasts of the Malay Peninsula. But if the flora of temperate 
climates contains a certain number of I'ubber-producing plants, in relatively feeble 
quantities it is true, and if the tropical and intertropical zones, bounded by the 
thirtieth degrees of north and south latitude, are the chief rubber-producing 
districts, it is not so with gutta percha. Only an extremely limited zone — 
represented by that belt of land situated between the third degree of south and 
fifth degree of north latitude — is adapted for guttiferous vegetation. Moreover, 
every one knows that the Asiatic continent is separated from the geological 
Oceanian continent by a deep submarine fault of at least 200 metres (656 feet), 
stretching along the Islands of Sumatra and Java, to enter by the Strait of Bali 
into the Java Sea; there it distinctly separates the Celebes (Australian continent) 
from the Borneo group (Asiatic continent), goes round about Borneo to divide 
into two ramifications, one towards the Soulon Isles and the other towards the 
Gilolo Islands. The fauna as well as the flora on each side of this fault are 
perfectly distinct. On the Australian side neither arengani palms, teak-wood, 
ferns, orchids, nor the mosses of the Java flora are to be found. There are no 
more tigers nor other felines, and the greater number of the birds which live in 
the woods of Borneo, J ava, and Sumatra are unknown. It is the same in regard 
to the plants, which readily yield real gutta j)ercha. 

The real gutta percha country forms only a very limited extent of land, and 
belongs exclusively to the Asiatic continent, and is situated between the 102“ and 
^ Ischirsch Die Harze, etc., p. 894, 1906, says Percha is an old name for Smnatra, 
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petiolata^ mh-ccmacea^ ohovata-ohlonga^ s'upra viridia suhtus aureo-nitentiaf hrevitei^ 
acuminata 11 centim. longa, medio 4/2 centim, lata, hasi in petiol'migracilem 
1*0-2 '5 centim, longum attenuata, nervis lateralibus arcuatis, parallelis mhliori- 
zontali-'patentihus 20-30 utrinqiie in folii substaiitiam immersis via conspicuis. 
AlaLastmin ellip&dideum, Flores axillares, soepius in axilUs foliorum delapso'ru/ni 
fasdeulati. Fasciculi 2-6 JiorL Flores 2 millivi, longi, pedwimilati, Fed^incnli 
3 millim. Calyx ellipsdideo-campaMulatus, ladniis ovatis, aureo-nitidis, exteriori- 
hus comaceis suhvalvatis, interiorihus tenuiorihis. Corolla suhrotata: tvibo 
calicem vix superante^ ladniis tubo mquilongis lanceolo-ovatis v, elipticis, ohtusis, 
patentilms. Stamina 12 hiserialia. Filamenta aeqnalia filiformia ladniis corollce 
cequilonga* Antlwrm ovatcB, glabrae, acidce. Ovarium mbglobosum, puljescens. 
Stylus filiformis staminibus longior. Stigma ohtusum. Bcwca carnosa, ovoidea 
calyds ladniis sfuffultafusco-tomentosa,^'f> centim. longa, 2*5-3 centim. lata, phiribxis 
locidis aboHientibus obsoletis. Semina 1, 2, v, 3, ellipsdidea vel a latere cmipressa 
testa Crustacea nitida, hilo magno, seminis superficiei majorem partem ohtegewte. 



Fig. 106. — Branch oi Dichopsis gv.Ua {Palaqmun gvMa, Isonandra g^dta), 

Burck gives the above description, as tbis species up to then had not Tbeen 
exactly and completely described, no botanist • having seen either the fruit or the 
seeds j and because the Dichopsis gutta is a jilant which yields an excellent product, 
and which, in virtue thereof, should be cultivated by the ISTetherlands Government. 
To these details it will be useful to add those given by Obach, Professor Baillon or 
Dr. Beau visage. 

Obach describes the Dichopsis gutta as follows : — It is a lofty tree with a per- 
fectly straight cylindrical trunk, and has, when fully grown, a height of from 60 
to 80 feet, and a diameter of 2 to 3 feet \ but it appears that in some localities, Perak, 
for instance, trees considerably over 150 feet high, and 4 to 5 feet in diameter, have 
been met with. The leaves are crowded together at the ends of the branches and 
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are placed alternately ; tlieir form is obovate-lanceolate, and they have a small projec- 
tion or beak at the apex. Leaves from old trees measure about 4 to 5 inches in 
length, and 1| to 2|- inches in width at the middle j whereas those from young trees 
are much larger, reaching a length of 9 inches and a breadth of nearly 3 inches. 
I purposely mention this in order to show that variations in the shape and size of 
the leaves are not alone sufficient to indicate a difference of species, as has some- 
times been supposed. The upper surface of the leaves is bright green and the 
underside golden brown, when the trees are young, and reddish brown when old, 
this colour being due to the presence of a dense layer of silky hairs, which also 
cover the mid-rib and the petiole ; the latter is usually about an inch or a little more 
in length. The secondary veins branch out laterally from the mid-rib, nearly at 
right angles, and are not very conspicuous, being sunk in the substance of the 
leaf. They number 20 or 30 on each side, which is of some importance to 
know, as we shall see. The flowers, of which there are four, grouped together in 
the axil of the leaves, are white, the calyx being of a golden brown colour ; there 
are twelve stamens in single series, inserted into the throat of the corolla with sagit- 
tate anthers, turned outwards. The ovary is superior and six-celled, terminating in 
a single style, which is much longer than the stamens. The fruit is a fleshy egg- 
shaped berry about 1 J inches long and 1 inch in diameter.’’ 

Further botanical details of Dichopsis gutta {Baillon^ JBemivua(je)» — The 
group of young, unexpanded flowers comprises six flowers in a dichotomous cyme, 
in the middle of which is a cicatrice, apparently left by the fall of the flower of 
the first generation. This inflorescence is accompanied by decussate bracts. The 
gamosepalous calyx consists of three external, coriaceous subvalvular divisions, 
and of three thinner, internal, imbricated divisions, alternating with the former. 
The corolla consists of six twisted divisions, alternating with the sepals, so deep 
that the corolla is hardly ganiopetalous. The dndroecwm comprises twelve stamens, 
all apparently fertile, so far as can be judged in so young a flower. In apite of 
their small dimensions, two different sizes may be recognised. The six larger are 
opposite the divisions of the corolla; the six smaller are alternate with the 
former, and with the divisions of the corolla. The anthers are extrorse. The 
ovary is six-celled, each containing an ascending ovule, incompletely anatropous, 
with the micropyle inferior and exterior. The style is cruciform, truncate, then 
conical at the apex. The young fruit is ovoid, conical. Around it are the six 
persistent sepals. The young elongated seed, acute at the top, is furnished with 
a coriaceous envelope, in the interior of which there would appear to be a viscous 
albumen. Serrulaz^s hotamical description of Isonandra gutta. — Serrulaz {Academie 
des Sciences^ 1890, pp. 433-426), gives some complementary details of this plant 
(the prototype of the gutta percha tree). In chronological order it is the first 
plant mentioned as a producer of gum plastic, of so great dielectrical power, and 
it would appear to have played the same r61e in the history of gutta, jjercha that 
the Hevea Guyamensis has done in that of indiarubber. Both of them known and 
mentioned from the outset, the one as yielding gum elastic and the other as gum 
plastic par excellence^ at the present day, being rare, they are neglected ; the one 
being replaced in industrial exploitation by Hevea Braziliensih '^ the other by 
Dichopsis ohlongifoliwm. “ The Isonand/ra gutta, at the age of thirty years, i,e. 
when fuU grown, has a trunk of 13 to 14 metres (43 to 46 feet) up to the origin 
of the lowest branches, and a very regular circumference of 0*9 metre (say 3 feet) 
at 2 metres (say 6J feet) above the ground. This trunk is, moreover, almost 
cylindrical. The leaves of the young tree are often as much as 22 to 23 cm, in length 
by 7 cm. wide in the middle, whilst in the full-grown tree they are only 11 to 12 
cm. in length by 4 to 5 to 6 cm. The shape and size of the leaf in the Dichopsis 
vary so much with the age of the plant in consideration that there is nothing 
astonishing in the great number of species introduced into botany from the 
examination of the branches, destitute of floral elements, and not comparable 
between themselves. The petiole has a length varying between 1-75 and 3*75 
cm. The flowers are from 13 to 14 mm., and the peduncle 4 to 6 to 7 mm. 
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112“ of French, longitude. The French meridian passes through Paris. Accord- 
ing to Obach, the gutta percha region extends 6“ on either side of the equator, and 
from 99“ to 119“ longitude east of Greenwich. Total area, 1,140,000 square miles. 
Of terrestrial area = 285,000 square miles (40 per cent.) — only but small portion 
locally suitable for growth of gutta percha trees. The Asiatic part is the productive 
region of gutta percha in the proper sense of the word. 

That is not to say that other countries situated near to the equator, and 
bounded on the north as well as on the south by the above-mentioned latitudes, are 
incapable of furnishing, if not gutta percha properly so called, at least analogous 
resins. Quite the contrary ; and we shall see in the sequel that it is precisely in 
those parts of the globe, and . in those parts only, that the sagacity of the searcher 
should be exercised, so as to remedy the ever-increasing gutta percha dearth of 
Malasia and Papua, 

Nowhere else on the globe, outside the area of the Malay Archipelago, have any 
genume gutta percha trees been found, and this is the more remarkable as the 
Sapotacece to which they belong are distributed all over the tropics, and are also 
of great antiquity, having even representatives amongst the fossil plants. It might, 
perhaps, be asked whether gutta trees have not been found in the islands adjacent 
to those confined by the boundary line on the map ; for instance, in the large group 
to the north of Borneo, the Philippines, or the islands Celebes and Java, to mention 
only the more important ones. The answer is, that hitherto no genuine gutta percha 
trees have been discovered there. Qetah trees, in the Malayan sense of the word, 
exist, no doubt, but none of the right description.^ 

SapotacecB or Sapotads, — However that maybe, as it is the family of Sapotaceoe 
which yields the greater portion of guttiferous plants, it will be useful to give, 
according to Baillon, a very summary botanical description of this family of the 
gamopetaloibs sapotaceous dicotyledons. Of gamopetalous dicotyledons, with regular 
flowers and convex receptacles : The corolla is generally imbricated, and bears four 
or five fertile stamens, placed above its divisions. Moreover, alternate staminodes 
are often observed. The latter may be awanting \ and sometimes also the number 
of stamens exceeds those of the lobes of the perianth. The superior ovary is 
hollowed by 1 to 5 cells, rarely more, placed above the sepals, and each containing 
an ascending ovule, with an exterior and inferior micropyle. The fruit is a berry, 
and the grains have often a long and wide hilum, which occupies a large portion of 
their internal edge, cutting moreover into the surface of the seed, which is smooth 
and polished. The ascendant seed is albuminous or exalbuminous. Trees or shrubs 
of tropical regions, generally rich in milky juice, which often forms gutta percha. 
Leaves generally alternate, with or without stipules. Flowers solitary or in cymes, 
often implanted in the wood of the stems. This family is often divided into the 
BoiSsim (lllipoe\ LvcumcB, Mimusopce^ Bumelim^ and ChrysopliylcB. [This latter 
group should perhaps disappear (Pierre).] Amongst the numerous tribes of 
SapotacecB it is evidently those belonging to the genus Dichopsis (or Palaquium or 
Isonamd/ra) which yields the greatest number and the best varieties of guttiferous 
trees. The only really important ones would appear to be — 1. The Dickopsis gutta 
(Th. Lobb, Benth. 'et Hook.), or Palaquium gutta (Burck), or l807iandra gutta 
(Serrulaz). 2. The Dickopsis ohlongifolium (Beauvisage, Burck), or Palaquium 
oblongifoliwni or Isonandra ohlongifolia (Brau de St. Pol Lias, Teysmann). 3. The 
Dickopsis or Palaquium Borneense of Teysmann, the Dickopsis or Palaquium 
Treubii and its variety parvifolimii (Burck). 4. After the genus Dickopsis or 
Palaquium come the genus Payena^ that of the Mimusops^ and finally that of the 
Bassia. 

1. Dickopsis gutta — {Botanical details according to Burck). — Folia petiolata 
obovato-ohlonga breviter acuminata^ nervis secundariis in folii substantiam wimersis ‘ 
utrinque : Arbor elata, ramuli juniores ruhiginoso-puhescentes. Folia modice 

^ Sherman, loc. cU.^ says the area of the other [than Palaquium gutta] or inferior species 
is extended eastward so as to take in the Philippines, Celebes, Java, and the northern half of 
the Malay Peninsula. 
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The fruit presents, in the two perpendicular directions, the average dimensions of 
3 to 3*5 cm. by 2*5 to 5 cm., and sometimes 4 by 3 to 3*5 cm. The seed is 
generally 1*8 to 2 cm.*’ In the Malay forests traversed by Serrulaz, during four 
years be only found five trees capable of being confounded at first sight by their 
foliage, and in reality by the latex, with the Isonandra gutta. There can be no 
possible confusion with the other Dichopm^ which are likewise differentiated from 
it, having regard to the quality of their gutta, by the Fayena Lerii {Gutta 
Sanded^, Serrulaz considers gutta sandeck as a complex mixture, but he 
only studied the I&oimmdra gutta ; he thinks it the plant par excellence which 
furnishes the raw material for the manufacture of submarine cables, and he 
regards the Bassia Farhii and Mwmsops halata guttas as only giving negative 
results. He regards the Fayeim Lerii as only of service in yielding an apt 
adulterating agent. The only guttas which, according to Serrulaz, can be used 
as dielectrics in the core of cables are secreted by trees of the genus Isonandra, 
with an exclusive habitat in Malasia. In his communication to the Academy of 
Sciences, of date 15th September 1890 (pp. 423-436), Serrulaz says: “The 
clearing or deforesting of the interesting zone of Malay forests is going on at a 
rapid rate ; the native, by cutting all the barely ripe trees he encountered, and 
by acting similarly with their shoots — that is, by hindering them from reaching 
the adult stage — ^has, so to speak, for forty years suppressed their reproduction 
and multiplication. The gutta perchas that were used at the outset of the 
industry are now only found exceptionally ; those which have replaced them will 
have the same doom in about fifteen years. Exportation is beginning to cease 
from j)lace to place in the Malay ports. The insufiScient plantations undertaken 
in the Dutch Indies have produced, above all things, not the best species, but 
those whose latex is most abundant, that is to say, the least valuable kinds. 
Submarine telegraphy is on the eve of seeing itself deprived of an article that is 
indispensable to it in the present state of the science, and the origin of this gutta 
remains badly known. In chronological order, the first plant mentioned as a 
producer was the Isonandra gutta (Hooker). This tree, the only one of which 
the coagulated latex was sent to Europe at the same time as the commercial 
samples, and which had been passed as satisfactory by practical men, has remained 
incompletely described. It is described as a species extinct since 1857 in the 
Island of Singapore, which no longer exists in the Malay forests. In reality 
this species has become very rare, but it still subsists. Adult representatives still 
multiply (in 1887) on Chasseriau estate, in the ravines of Boukett-Timah (tin 
hills), situated in the centre of Singapore, where it was discovered in 1847 by 
Thomas Lobb. When I refound it in 1887, all exploitation had for a long time 
(thirty years) ceased, and the extinction of its species was regarded as an accom- 
plished fact. Yet, barely three years ago, in the last scraps of the ancient forests 
of this island, trees of this natme, then already full grown, still existed, represented 
more especially by shoots. There only existed there but one variety of a single 
species of gutta percha tree, which agreed with the specimens figured in Plate 
XVII. of the London Journal of Botany, vol. vi., given by Hooker of his 
Isonandra guUa\^ (See p. 284 and translator’s Preface.) 

2. Biehopsis dblongifolvmi — Botanical details according to Burch). — Folia 
petiolata v. lanceolato-ohlonga longe acuniiiiata, nereis lateralihus 20-30 utrinque 
in folii suhstantiam immersis {Isonandra gutta var, dblongifolia de Vriese, 
Isonandra gutta var. B. Swfnatrana miq, Biehopsis nov. sp. Beauvisage). 
Arhor elata ; ramuli jwniores ruhiginosopuhescentes. Folia modice petiolata 
ohlonga v. lanceolato-ohlonga suhcoriacea, supra viridia suhtus awreo-nitentia, longe 
acumiinata; folia juniora, reliquis nwujora usque ad 22 centim. longa, 7*5 centim, 
lata, hasi in petiolem gracilem 1*5-2 *5 centim. longum attenuata nervis lateralihus 
arcuatis parallelis honzontali patentibus 20-30 utrinque in folii suhst(mtiam 
imnursis vis conspiaids. Alahastrum oviod&mn. Flores axillares : soeptus in 
axillis foliorum delapsorum fasdculati. Fasciculi 1-6 flori. Flores 10 millim. 
longi pedunculati. 
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Fedv/nculi millvni. : Calyx ovideo-campanulatus^ laciniis ohtmis^ ovatis 

aureo-nitidis^ inteirioribus tenuioribus. CorollcB tubus calycem superans^ lacinicB lan- 
ceolatfB ohtuscB patentes tubo sub cequilougce. Stamina 12 hiseHalia. Filamenta 
cequalia filiformia laciniis corollm cequilonga, Anthercs glahrm ovatce acutcB. 
Ovarium suhglobosum pubescens. Stylus filiformis staminibus longior stigma 
ohi'tisum. Bacca carnosa, ovdidea Tiidimento styli coronata, calycis lacinniis suffulta^ 
fusco-tomentosa 3*5-4 centim. longa^ 3-3*5 centim. lata, pluribus locidis abortientibus 
obsoletis, Semina 1 , 2, i;. 3, ellipsdidea v. a latere compressa testa Crustacea, nitida, 
kilo magno seminis majorem partem superficiei obtegente. 



Pig, 107 . — JDichopsis dblongifoUum. 


Discovered in Sumatra by Teysmann and Burck. 

„ Borneo by Teysmann and Tromp. 

„ Bbio Archipelago by Teysmann. 

„ Malacca by Bran de St. Pol Lras. 

On the eastern coast of Sumatra by Seligmann Lui (under the name of Mayang 
Derrian). The Dicliopsis ohlovgifolium is the Taban Sutra of Perak. It is very 
closely allied to the Taban Merah, and its discoverer, deVriese, considered it merely 
a variety of Hooker^s Isonandra gutta. However, it is now understood to be an 
independent species. It is a tree of smaller size, with leaves of a more decided 
brown on surface. The flowers have a reddish tinge, and the general appearance of 
the bark is said to be quite different. This tree yields the best product of all 
gutta percha trees in the upper regions of Padang, {ind this gutta percha is the 
best of -all the sorts encountered by explorers (Brasse). This is the opinion of 
both Seligmann Lui, who found it on the eastern watershed of Sumatra, and of 
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Brau de tSt. Pol Lias, wlio reports it from Perak (Malacca). It is also found in 
Borneo (Pontianak, Banjermassin). The hamlet of Bloran (district of Djambon, 
Sumatra) possessed in 1884 seventy-seven of these trees, the remainder of 400 feet 
planted on the 28th August 1856. These plants were brought to the number of 
2000 from the western coast of Borneo on the 3rd March 1856, and distributed 
amongst the different residents. It is not known what has become of the others. 
A plantation of trees of this species was tried in Borneo. It did not succeed. 
It is on the mountains of no great height or on the smaller hills beyond reach of 
the floods that the finest trees are found. The less the situation is exposed to 
stagnant water, the better they grow. This j)lant is so sensible to the influence of 
a good situation that a choice of bad ground — as in the Borneo plantatations under 
colonial inspection, and entrusted to individuals — is enough to kill it. The gutta 
yielded by the Dichopds ohlongifolimi^ getah Taban Sutra, is of excellent 
homogeneity and durability. Breed from bark and woody particles, it becomes 



very tenacious and elastic, and may be easily bent without breaking. 
Immersed in hot water, it may be moulded and caused to assume any shape 
without becoming tacky, and on cooling resumes its ordinary solidity. The 
colour varies from red to deep brown. in aU kinds of gutta percha, the juice 
IS a milky white when it flows, and remains so if it be preserved without mixture. 
The brown colour is due to admixture with cortical and ligneous particles which, 
ctoing heating, communicate their colouring principle to the thickened juice. The 
DicJwpsis Boi^neesey the Dichopsis Treubii^ the Parvifolmm, and the Balaquivm 
Ypeseanum would appear to be botanical varieties without influence on the quality 
of the gutta. The Dichopsis calophylla (Benth. et Hook.) would appear to be 
the mLypig Baton of Seligmann Lui, which yields a brighter and redder gutta than 
the Dichopisis ohlongifolium^ with not so fine a fibre, and perhaps also not so rieid. 
It IS described l^y Burck as follows : — 

3. Dichopsis calophylla. — Folia petiolata, ohovato-ohlonga hreviter et ohtim 
acuminata, nervis lateralibus 10-12 pi^ominentihus. Petiolus 1-15 centim, {sou 
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Isonandiu calophylla T, et B, Isonandra chrysonopta et costata de Yriese^ Njata- 
dyanghar. in Hort, Bot, Bogor, Palagniuni ccdophyllum Pierre). Arbor alia 
ramulis juniorihus aureo-tonientosis. Folia petiolata^ coriacea, ohovato-ohlonga 
supra viridia suhtus aureo-sericeahreviter et obtuse acuminata 10-15 centim. loTigum 
decurrentia^ nervis costalibus 10-12 iitrinque patulis subtus pyt'ominentibus. Mores 
axillares fascicidati. PeduucfuZi 20—25 millim. longi^ graciles rejiexi. Calyx 
0 vdideo-canipamdatus laciniis ovatis ohtusis. Corolla subrotata tubo calyce CBquilongo^ 
laciniis ovatis^ aeutis^ patentibus tvho longiorihus. Stamina 12, Jilamenta 
(Equalia^ filiformia, glabra corollm laciniis oequilooiga, Antheroe ovatcB, obtuse 
acuminatcB. Ovarium glohosum aureo-puhescens. Stylus filiformis staminibus 
longior. Stigma obtusum. Bacca cojmosa^ depresso-globosa, calycis persistentis 
laciniis svffulta^ aureo-tomentosa 2J centim, lata, 2 centim. longa, longe pedunculata. 
Semen unicum suhglohosum, tuta Crustacea nitida, kilo magno. 



Fig. 109. — Dichoj^sis Treuhii (after Burck). 


The Dickopsis selendit, or Mayang Korrik of Seligmann Lui, wMcli, the 
native Malays, according to Burck, call Njatoeh selendit, and the native of 
Sumatra Haldban, yields a very hard gutta, unfit for cable manufacture, but 
perfectly fit for being used in the industrial mixings to be dealt with later on. 
The majang Djerinjin and the majang Kartas of Seligmann Lui belong to an 
almost identical variety; the gum resins which proceed from them have the 
qualities and defects of the JDichopsis selendit. The Bichopsis Krantziana of 
Pierre was specially studied by Beauvisage. This tree, the characters of which 
appear to approach the Isonandra gutta of Hooker and Serrulaz, grows in 
Cambodia, where the natives call it Thior, as well as in Cochin-China, where it is 
known under the name of Chay, yields an altogether inferior gum resin, which 
can only be used, at the most, in industrial mixtures of very doubtful value. 
This very striking botanical analogy between the Dickopsis Krantziana and the 
Isonand/ra gutta, and the surprising dissimilarity of the products which they 
20 
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secrete, are explained by the difference in latitude, and entirely justify the remarks 
at the beginning of this chapter on the narrow and limited zone to which the 
production of gutta percha, possessing the qualities required by science and 
industry, is confined. 

Dichopsis pustulatum of Pierre. -This tree, found at Perak, succeeds well in 
Ceylon, where it is cultivated as a gutta percha producer. The French writers 
complain they have no information on this point,, and that does not surprise them. 
If the culture at Ceylon has succeeded (the latitude and the climate, moreover, 
I)ermit of this being supposed), the English they say will make use of the fact 
as long as possible without spreading the news. As a practical people, they 
keep the results of their experiments and researches to themselves. Let the 



Fig. 110 . — Payena Lerii (after Burck). 


investigators of other nations do the same, and control the truth of the fact 
on the spot. The genus Payena supplies the Payena Lerii as almost its only 
guttiferous tree. Burck gives the botanical details of this vaidety of Payena : — 

4. Payena Lerii. — Folia e hasi acuta ovalia v. oualia-ohlonga apice mhito in 
acumen hreve attenudta^ nervis secun^ariis in folU svhstantiani im/nxer^e via con-- 
spicuis. Florv/ni fascicxdi axillares ad apices ramulomm conferti, {Azaola Lefrii 
T. et JB. ; Keratophorus LeH% Hassle^ Qeratoplimus Lerii^ Miq. / Tuinhouw-fiora^ 
de YHese ; Beauvisage,) 

Folia e hasi acuta ovalia v. ovalia-ohlonga apice suhito in aev/nxen hreve attenuata^ 
coriacea ; integerrima^ margins mhundnlata^ glabra supra lucida 5—10 centim. 
longay 2 5—4 lata^ nervo Qiieclio supra proininulo^ sidjtus prominentCy nervis costalihus 
fere in folii suhstantiani ionniersis vix coiispiawisy rectis patentibus ad marginem 
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fere ^i&rcmrentihm ihiqm arcuatum wiiitu, Petiolus temds 5-7 millim, longm. 
Morum fasciculi ad apices raTwidormn hrevimn conferti acoillares scepins ex axillis 
folionm delapsonm^ 4-8 Galyds lacinice^ roVumdatm^ ovatm aiireo-seHcccB 

s'idmiuilongcB^ coriacem 3 millwi, longce, Cmvlla fere duplo longior extus et 
inUis glabra, tnho 2 millim. lougo, ladniis 8 ohlongo-lanceolatis ohPiisis 3 millim. 
longis. Stamina 16; filamenta antlveras suhcequilonga glabra, anthercB ovatm 
hasi cordatw convectivo adp)'essefemu}inm-pyiloso, siqma loculos pyroducto et apice 
penicellato. Ovaiium conicwm pilis dense obtectum 10-12 loculare. Stylus longe 
exsertus. Pmctus carmsi ohovato-ohlongi, conici, medio scepius leviter cii/rvati 3-4 
centim. longi^ styli rvdimento apiculati. Semen unicum feretiroblongmn 18-25 
millim. longwm, hilo ohlongodateraU ; testa coriacea nitida,fusca ; albumen copiosmn., 
alhidmn, corneum embryonem includens ejusdem longitudinis ; cotyledones carnosa, 
applicativcB, radicula teres. The giitta j^ereha from Payena Leirii is known as 
Getalh Sundeh or Soonie or Soondie, the latter being the correct Anglo-Malay 
expression (in Sumatra, Banca, Borneo, Eiouw, and Ambon). 

The Payena, though likewise belonging to the Sapotacem, differs much more 
from the Isonandra. The small leaves are differently shaped and have a reddish 
tint when young. The flowers are white, and the fruit, which is fleshy and 



Fig. 111. — Oake of Gkitta Smdek (after Beauvisage). 


provided with a kind of horn, has a sweet taste and is eaten by the natives. 
Beauvisage analysed a plant found by Brau de St. Pol Lias in the Malacca 
Peninsula, and sent by him to the Paris Museum. This savant concludes from 
his analysis that the Gutta Sandeh is none other than the Keratopkorus Lerii of 
Hasskand. Without any doubt, the Malacca Peninsula must be regarded as the 
habitat of the Payena Lerii, one of the principal gutta percha producers, the gum 
resin of which is very widely distributed in commerce. In regard to the Isonandra 
Benjamina de Vriese, it is, according to Burck, none other than the Payena Lerii. 
De Vriese, after a rather short description of the plant, adds that the thick and 
coriaceous leaves are covered as with a varnish, and that the plant produces a 
superb red gutta, which much resembles that of the real Ngiatoeh Merah. The 
indigenous names of the Payena Lerii are Ngiatoeh halam hringin on the western 
coast of Sumatra, Sanddi, Sunta'i in Sonpayang, Sundech, Sundeh, Srnidi on the 
eastern coast of Sumatra (Soligmann L.). Gutta Souni, often confounded with 
the gutta of the Payena, is simply a mixture of several resins of different botanical 
origin. Payena Leni are met with on the upper plateaux of Padang (Sumatra), 
and also in other localities in Sumatra, in Banca, in Eiouw, in Amboyna, and in 
Malacca ; they are rather rare in Assaliam (Sumatra), abundant at Siak (id.). The 
gutta percha which it yields is often mixed with Bouha-balam, which produces a 
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very inferior quality. The zone of culture of the Payena Lerii stretches from the 
seashore to an altitude of 500 feet, where the Dichopds ohlongifoUum begins to 
be encountered. The Payena Lerii shares the low ground with the Bouhorhalam 
tree ; the Payena prefers dry ground, the latter marshy localities. The name of 
Bringing which the Payena sometimes bears, arises from the resemblance of its 
leaf to that of the Wamngin {Urostigma Benjaminnin\ cultivated successfully at 
Tijetpir. 

5. Batata , — ^The genus Mimnsops yields as guttifers the Mimmops Batata, 
the MinimopB Gtohosa, and the Mimusops ScMmperi et Kwmmel, We give, 
according to Dr. Martin {Ftora Braziliemis), the known botanical details of the 
MimuB 02 :)B Batata, Mimmops Batata (Guertin) seems to be the same plant as 
the Mimusops Batata (Blume), the Achras Batata (Anblet), the Lumma mam- 
mosa (de Vriese), and the Bapota Mutteri (Blume). Glat/ra, fotiis ovatis ohovatu 
ovato vet ohovato ohtongis ohtusis vet rotundatis, hasi suhacutis ; pedicettm fasci- 
cutatis petiotum siibcecjuantihus ; tohis calydnis ext&riorilms 3 gtahri,s vet minute 
fuBco-pubemlis, interiorihm athido-vetuUnis, corotlce tohis sub anthesi reflexis, 
staminibus sterilihus tigulatis suhintegris, antheris spiculatis ovario ^-10-gono 
locutarique ; bacca globutosa rotundato 6-10-yom. Rami amsi vatidi nodod, 
cum ramutis teretihus crehre lenticetlosis cortice obducti sordide fusco. Fotia 
3J— 8 tonga, 1 ^— lata coriacea, supra gtahermma, fuscentia, 

subtus mifo-fusea^ ut pturimvm gtabrata, hie inde lepidote-atbenti-suhsericea, pitis 
minimis in pettimlam contiguam arctissime complicatis; costa centratis sup^^a 
sulcata subtus semicytindrica, valida costidoe striiforifaes tenetrimee, densissivuc 
vix conspicucB. Petiolus pollicaris vet longior, subteres, Stipulm 2 lix, Ig, 
lanceolatoe, Plor^im^ fasciculi lO-^O-flori, Pedicelli teretes sursv/m subincrassati, 
crehre, lenUcellis linearibus flamcamtibus obsiti, glabri vel minute pareeque puberuli, 
pitis sublente solumi conspicuis, longitudinum petioli ut phmmwni mquentes, nmic 
pautlo temgiores, nunc bvevioves, Galycis 3 tin. longi lobi 6 ovato-lan(^olati acuti, 
sub antlmsi refracto, patentes v, subreflexi, intus glaberrimn fuscati, puhe paginm 
'exterio7%s compositcB pitis minimis stellatim fasdculatis, Gorotla calycis tongi- 
tudim vel pautlo hrevior, tohis tvman'iAanceolatis, acutis, eoctus gtahris, intus 
levisskm^ pareeqm puherulis, Fitamenta staminvmi fertitium e hasi suhditatata 
filiformi-suhulata, antheris 'elliptids hasi cordatis suhcequilonga, hasi hrevissirm 
con'imta cum staminibus sterilihus dimidio hreviorihus ovatis, ohtusis suh 
coriaceis, Puhes minuta et parca in antherarwm dorso fadeque interiore fttcur 
mentorum staminiumque s^ritvum et annuli basalis {per coalitionem illorum 
nati). Ovarium stylusqve glabra, fahrica congenerumi, Fructus gtohosus, apice 
paullulum dfpressus, I'udvrmnto styli apiculatus, vallibus levibus tot quoi locula 
meddianaeds perewrsa, in sicco foliorum colore, cerasi magnitudine, elevationihus 
minutis scaf)ratus ; pericarpio crasso coriaceo ; s&m,inihus comptm'ihus, rotrmdato- 
triangularibus, testa glahe'irima ludda, pallidefe7n.Lginea, area wnhiticati parva, 
umhilico exs&i'to. Albumen semini conforms, car'nosmri {sec, Gosrtner alhwni) in 
sicco mhescens. Embryo magnitudine athuminis, cotytedonihus fotiaceis, suh 
pettuddis nervo^ centrali ptudbusque lateralihus tenuioribus perensis ; rostetlo 
eylindrico, hrevi,^ ohtuso, Habxtat per Guyanam galticum et angticam in montihus 
GanuTcu, et ad dpas fiuminis Barama, in Barbados et in aliis insutis antittensihus 
ohvia : Teste Avhtet ex insuta Mauritii in Guyanam gatticam introducta est, uhi 
pear-leaved mat-tree vel ^ small-leaved mat-tree d^citur. In Surinanwb vocatur 
Bolletrie v. Bullet-tree uti diversce Sapotece, 

Botanical description of Batata according to Ohacht , — The only natural 
substitute for gutta percha which really deserves that name is Batata, It is the 
coagulated latex of a large forest tree, belonging to the Sapotaceoe, which is known 
under the name of “ bullet tree,” “ bully tree,” or “ boUetrie.” The botanical name 
IS Sapota Mulled Blume, Mimusops glohosa Gcertner, or Mimusops batata Giertner 
fit. The tree reaches, at maturity, a height of 120 feet, and usually has a large 
spreading head. Its cylindrical trunk is 00 to 70 feet high, and 4 to 5 feet in 
diameter. The wood is hard, dense, and has a reddish tinge, which accounts for 
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the name of paardenflesch (horse flesh), given to it in the Dutch colonies. The 
glossy leaves are oblong-oval, 4 to 6 inches long, and 2 to 2| inches broad ; they 
are acuminated, petiolate, and alternate, being crowded together towards the ends 
of the branches. 

According to Rousseau, Venezuela produces gum halata^ extracted from the 
Mimmops globosa (of Gsertner). The native Guarani give the name of Mhea-r-ata^ 
and the Portuguese the name of Fwirvio or Furgua^ to the resin. According to 
some samples which have been examined, there is no' great difference between the 
jn’oducts, and the Mimusops globosa especially may be confounded with the 
Mimusops data. In regard to the Mimusops Schimperi et Kwnvmel or Ahyssiniam. 
Miuvitsops, botanical details are completely a wanting. We shall have occasion to 
return to it when we treat on the chemical composition of gutta percha. 


JFig. 112 . — Mimusoys JBalata (after Baillon). 

1. Entire flower and longitudinal section, | 2. Seed and longitudinal section. 






The Mimmsopem are distributed all over the globe, and not long ago Dr. 
Schweinfurth found the leaves of Mimusops Schimperi Hochstetter within the 
wrappings of Egyptian mummies 4000 years old. The bullet trees are found in 
Jamaica, Trinidad, Venezuela, British, Dutch, and French Guiana; they are also 
said to occur on the Amazon River. In the colony of British Guiana they are 
most plentiful between the east bank of the river Berbice and the Corehtyn. 

According to Josd Saldanha da Gama, other Brazilian Sapotacew should be 
capable of yielding gutta percha analogous with that called Balata. 

The names of these are as follows : — 


Table LXXXVIII. — List op Sapotaceous Plants which should yield 

Gutta Pebcha. 


Mimusops elata 

Ma9aranduba. 

Lucumiis gigantea 

Jaqua. 

,, flssilis 

Giiaraoua. 

,, lasciocarpa 

Abiai'ana. 

,, laurifolia 

Giiapeba vermelha. 

,, procera 

Ma^araiiduba brancha. 

Ohrysophyllum ramiflonini 

Oaca, 

,, 

Guaraita. 


But only the first of these plants would appear to have been the object of any 
experiments in regard to the quality of its product, experiments which would 
not appear to have afforded very satisfactory results. 

C. Bassia ParML — Amongst the Bassiay the Bassia Farhiiy described by Ed. 
Heckel, Professor of the Faculty of Science, Marseilles {La NaturCy 1885, 2 Sem., 
pp, 325, 370, 405), deserves special mention. “Amongst all the Bassia^ large 
Indian or African trees, the seeds of which yield by expression fats, which find 
very useful application in industry under the name of ^Illip^ Butter,’ there is 
one which, more interesting than its congeners, remains ignored up to now so far 
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as regards one of its i 3 rmcipal products (gutta perclia), the whole value of which 
has been misconceived up to my researches. I refer to that one which, scientifically 
named Butyros^emvmi {Bassia) Parld% KoUchy^ is a native of Africa, where it 
bears the common name of Tree of Karite^ Ghee and the fatty products of which, 
of buttery consistence, reaches us under the name of Galaam Butter^ Ghi Butter, 
or, better, KaHt4 Butter, and which is utilised in different ways in domestic 
economy by all the equatorial Africans. As the buttery product of this precious 
tree estabhshes, at least nominally, a point of contact between the two kingdoms 
of nature, the vegetable and the animal, I have thought that already from that 
point of view its history would be of real interest. But here this interest is 
doubled by what is adapted for the special habitat of the plant. Essentially 
African, the Karite tree belongs exclusively to that continent. Few researches up 



Fig. 113. — Bassia Parhii (after Schweinfurtli). 


to now have been published on this subject beyond the now very old researches of 
Guibourt, and more recently the summary but interesting researches published by 
M. Baucher,^ naval pharmacist. These two unique works, notwithstanding the 
merit ^ by -which they are characterised, retain grave errors and important gaps in 
the history of this precious plant. It has therefore appeared to me necessary to 
again take up its study, and at the same time to endeavour, as far as I can, to 
spread the jDlant over the most diverse points of the ti'opical zone, and, in particular, 
in our French colonies,” Botanical descriptiov. — The Butyvoeperuiwiii Parhii, 
Kotschy, is a beautiful tree, reaching the height of 30 to 40 English feet, having 
a. trunk of 1*50 to 1*80 metre (5 to 8 feet) in diameter, ramified like an oak, and 
yielding an abundant milky juice which easily coagulates (gutta percha.). Con- 
densed at the top of large glabrous and rugose branches, the leaves are entire, 
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coriaceous, petiolated, and stipulated. Petioles measuring from 0*05 to 0*75 metre, 
glabrous, but pubescent at first; stipules lanceolated, sub-persistent, about 0*012 
metre long, silky on the back; limb oblong, lanceolated, measuring 0*15 metre to 
0*20 metre in length by 0*75 to 0*10 metre in width, widely cuneiform or rounded 
at the base, subcoriaceous, glabrous at maturity on the superior surface, highly 
pubescent underneath, furnished with twenty to twenty-five primary smooth open 
veins.i Flowers in umbels, springing from the axils of the leaves at the top of the 
branches; peduncles 0*012 metre to 0*025 metre or longer, thickly covered in 
their young state with a ferruginous nax). Calyx campanulate, coriaceous, with a 
short tube, and generally eight oblong lanceolated segments, the four exterior 
covered with a thick ferruginous down. Corolla, as long as the calyx, with a 
short tube and oblong, imbricated, glabrous segments. Stamens, opposite to the 



Pig. 114. — Fruit and branch of Bassia Parhii (after Baillon). 

segments of the corolla and inserted at their base ; anthers oblong, lanceolate, 
measuring 0*003 metre, that is to say, half the length of the glabrous and awl- 
shaped filaments; pollen spherical, exhibiting four jiores. Staminodes wide, 
oblong, pointed, dentate (like a saw) on their edges, which give them the appearance 
of fimhrication, shorter than the alternate stamens with the staminal filaments. 
Ovary globular, silky, ten-celled, each containing an anatropous ovule; style 
lanky, varying in length, sometimes insei’ted on the exterior, at other times in- 
cluded in the corolla (heterostyled dimori>hism). Fruit ellijisoid (berry), with a 
thin solid pericarp and generally a simple seed, provided with very thick cotyledons. 
The fruit is of the size of an ordinary nut ; it is furnished with a savoury sarcocarj), 
succulent and excellent to the taste. The seed is covered with a smooth thin 

^ Some of the measurements given in this sentence by the authors seem beyond all xiossi- 
bility. The proper reading of 0*75 metre is apparently 0*075 metre in each case. — T r. 
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crustaceous episperm of a maroon colour, which shelters a very bulky kernel 
without endosperm. 

Syownyms — Habitat . — This plant is, moreover, known under the name of Basda 
Parkii (De Candolle) and Bwtyrospernium Hiloticum (Kotschy). Genus, Sapotacece, 
Lind. End. Oliver. (Bassia Butyracia, Roxburgh.) (Branch and fruit.) Upper 
Guinea, kingdom of Bambara, where it was discovered by Mungo Park, in the 
Niger country, at Nupe, leba, etc., Abbeokuta (of Irving and Barter) in the Nile 
country, the White Nile, Gondo Koro, Djur, Kosanga, and the countries of 
Niams-Niams, Madi. To these localities or stations we may add the following, 
which is more exact : — The Karite is very well known in the valley of the Upper 
Niger and in that of Bakoy and of Baoule and their affluents ; real forests of it 
are found in the B^14donga, the Fouladougon, the Handing, the Guenickalaris, 
etc. (Exploration of the Upper Niger by Commandant Gallieni). According to 
Baucher (Archives de M4decine HavcUe, t. xl., November 1883), it grows 
spontaneously in the argilo-silicious, ferruginous, gravelly, and fissured soils 
which are met with in the plains of Upper Senegal when the Niger route is 
taken. In a general way, it may be said to exist throughout 
the whole of the valley of the Upper Niger, i.e. in all the 
country situated to the east of the old French Senegalese 
possessions before their penetration into the Soudan. It is 
especially well known amongst the Bambaras, particularly in 
Beledonga. It is already reported in Borne and to the east 
of Fouta-Ujallon, where it is better known under the name 
of Kare. It is very well known in Segon and Timbuctoo. 
In the Nile region, Schweinfurth mentions it amongst the 
Bongos, the Mittous, and the Niams-Niams. We are going 
to show that the Bas&ia may be classed in the first rank 
alongside the Isonandra, the product of which it imitates 
so much as to be mistaken for it. 

Microscopical examimotion of a section of a young branch 
of Bassia . — If we examine the section of a young branch of 
YiQ.ll^—BassiaPar- we observe that the laticiferous vessels c.l., arranged 

kii, cross section of ill packed circular rows, are situated in the centre of the 
a young branch. cortical parenchyma p.c., itself placed under a tuberose not 

s.,suber;;7.c., cortical very thick layer s. It is therefore easy to reach them at 

parenchyma ; c.^., once by means of any cutting instrument. It is the same 

°fib^res • stem ; but when arrived, at maturity, both 

p.i\ liberian paren- caulinary system and in that of the young branches, 

chyma ; 6., wood. there is produced in this same parenchymatous tissue 
numerous secondary ligneous formations, very near to each 
other, arranged in circles, and composed of an abundant, very resistant wood b, 
and of a very reduced liber /. The growths, on account of their rapid develop- 
ment, almost touch each other, and thus form a protective barrier, behind which 
are hidden the vessels of the latex, driven into a corner against the wood. It 
then becomes difficult, if not impossible, to reach the laticiferous vessels: thus, 
it is only possible by a deep cut from a powerful instrument to make an incision 
capable of giving vent to an abundant flow of milk, in the case of adult stems or 
branches. This abnormal constitution is present, without doubt, in all the Bassia, 
the result of which is to render the whole of them equally refractory to the 
necessary cortical incision. All the difficulty consists in the necessity of breaking 
or, better still, of removing this barrier. This resistance, once conquered, the 
operation gives birth to a thick white milk which very easily solidifies, and, 
coagulated by the same process as gutta percha, gives eventually a product 
comparable with that of the Isonandra. The Madar gutta of Indio . — The 
inspissated and sun-dried sap (milk) from the stem of the Callotropis procera 
constitutes the Madar gutta of India. Hooper (Kept. Labor. Ind. Mus. (Indus, 
bee. 1905-06)) describes it as a pseudo-gutta, with the composition Resin, 52*9 ; 
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insoluble, 37*9; ash, 9*2 = 100. It contains albane and fluavile resins in large 
amounts. This tree is not only the one most frequently met with in the vast 
tracts of sandy deserts of Central India and Eajputana and Sind, but it is 
almost the only form of plant life encountered. It seems to act as the pioneer 
plant in the reclamation of barren land. An outlet for its products is thus 
greatly to be desired. Cultivation and selection might lead it to be the recognised 
tree for poor soils. But unless the shoots cut for fibre could be tapped for millc, it 
is improbable that tapping for gutta alone would pay, as stem and twigs are too 
small. Besides, the resin has the disadvantage of conducting electricity fairly 
well, which debai’s it from being marketed for insulation purposes. The milk 
changes vegetable blues to green instead of reddening them. 

Botanical sitmmary ^ — Here terminates the enumeration of the different 
varieties of Sapotacecc known as capable of yielding commercial gutta percha. 
But the question has not yet been sufiiciently studied so as to close definitely the 
list of the Sapotacem capable of producing gutta percha or a similar substance. 
Not only have the known species not been sufiGiciently studied, but we do not 
know some Borneo species which are included in the herbaria of Buitenzorg or 
Saigon, but which have never yet been met with living, at least by Europeans. 
Again, no species from the eastern watershed of the Malay Peninsula, and 
especially from the State of Pahang, has yet been examined in a complete manner. 
It is the same with the species of equatorial Africa and of India. It will require 
a number of years yet before we can lay down some reliable data on the plants of 
these regions capable of yielding commercial gutta percha. For reference purposes 
the few plants belonging to other orders than the Sapotacece, and, rightly or 
wrongly, reputed as guttiferous, are enumerated below, but they are merely 
indiarubber-bearing plants, yielding a less sensitive and a less elastic, rubber, and 
not guttiferous plants : — 

Eui-ihorUacece — 

Eni»horbia trigoiia , Hindostan and the Cape. 
„ nereifolia . ,, ,, 

, , tortillis . . , , , 

,, tirucalli . ,, ,, 

Maoaranga tomentosa . ,, ,, 

Pedilanthus tithymaloides ,, ,, 

To conclude, we give in Table LXXXIX. the nomenclature of the principal 
varieties of the guttiferous species or reputed as such, whilst admitting with M. 
Serrulaz that this long list is due probably to the fact that the shape and dimensions 
of the leaf vary enormously with the age of the j)lant and with the parts thereof, 
and that a great number of the species introduced into botany from branches 
deprived of floral elements and not comparable amongst each other will disappear 
in proportion as observations have been more often controlled on the spot on a 
fully developed plant. 


AscUpiadecc — 

Oynanclium viminale , Hindostan. 

Callotropis gigautea . , , 

Asclepias acida . . , , 

Apocynece— 

Alstonia scolaria . ,, 


[Tables. 
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Table LXXXIX.-^SYNOPTIOAL TABLE OF 


Family. 

Tribe. 

Variety. 

Scientific Synonjun. 

Local Synonym. 

SAPOTACEiE. 

Palaquiuni or Di- 
chopsis. 

Palaquium gutta. 

Isonandra gutta. 
Dichopsia gutta. 

Gueutha-Tuban-Merah . 

id. 

id. 

Palaquium oblongL 
folium. 

Dichopsia 

folium. 

oblongi- 

Mayang Doerrian. 
Njatoeh - Balam - Tern- 

id. 

id. 

Palaquium borneenae. 

Dichopsia borneenae. 

Nj atoeh-Balam-Sirah. 

„ „ Soeson 

(in Sumatra). 

Njatoeh - Balam - Doer- 
rian. 

Ea - Malan - Paddi (in 
Borneo). 

Queutta- Taban • Meroh 
(western coast of the 
Malay Peninsula). 

id. 

id. 

Palaquium Treubii 

and variety parvi- 
folium; 

Dichopsia Treubii 
and variety parvi- 
folium. 

Dadauw. 

id. 

id. 

Palaquium Vriese- 

anum. 

Dichopsia 

anum. 

Vriese- 

■ 

Njatoeh-Bindaloe. 

id. 

id. 

Dichopsia callopbylla. 

Isonandra chryso* 
nata 

Isonandra chryso- 
philla. 

Isonandra costata. 

Isonandra oblongi* 
folia. 

Mayang Baton. 
Njatoeh-Djankar. 

id. 

id. 

id. 

id. 

Palaquium Selendit. 

Pa,laquium Njatoeh. 



Halaban. 

Njatoeh-Selendit. 

Mayang-Korsik. 

„ Sikkum. 

„ Djerinjin. 
Eartas. 

Njatoeh. 

id. 1 

id. 

Palaquium Pistula- 
turn. 




id. 

id. 

Dichopsia elliptica. 

•• 


Pauchontee. 

id. 

id. 

Palaquium Eranzi- 
ana. 



Thior in Cambodia. 

Ohay in Cochin-China. 

id. 

Payena. 

Payena Lerii. 

Keratophorus. 
Isonandra Benja- 

mina. 

Azaola Lerii. 

N jatoeh-Bolam-Baringin . 

Njatooh-Balam - Wariii- 
gin. 

Njatoeh-Balam-Sundeck 
„ „ Soendai. 

,, „ Sandai. 

II 1 , Soentai. 

„ „ Pipis. 

Balam Tandjong. 

,, Tjabee. 

,, Tandock. 

,, Troeng. 

,, Soute. 

(All these denomina- 
tions belong to Su- 
matra.) 

Koelan (in Banka). 

Njatoeh Ka-Malam (in 
Borneo), Ranas. 

Balam Soentai (lliouw). 

Gutta-Selendit , (Malay 
Peninsula). 
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IHE PEINCIPAL GUTTIPBEOUS PLANTS. 


Botanists and Explorers. 

Habitats (known). 

Remarks. 

rh. Lobb. 

Dr. Oxlej'. 

Hooker. 

Benthani. 

Burck. 

Brooke. 

Seliffniann Liii. 

Baillon. 

Serrulaz. 

Beauvisage. 

Malasia-Singapore (moun- 
tains of that isle, at Ohas- 
seriau Estate, ravine of 
Bouquett-Tiniah). 

Borneo ? 

Cultivated at Tijetpir,Java. 

It is this species which, rightly or wrongly, would 
appear to yield the best specimens of gutta 
percha. 

However that .may be, it would nob appear to 
exist nowadays except in very rare cases, 
and would appear to be completely neglected 
for the following species. 

“ While Palaquiuni oblo-nglifoliumCBuTdk) is hut a 
variety of P. gtittaj still by certain writers it is 
held to be a distinct species, and to yield the 
Taban Sutra of Perak ” (Watt). 

3e%niann Liii and Vesque. 
3 eau visage, 

3rau de St. Pol Lias. 
Peysniann. 

3urck. 

In all parts of Sumatra, 
especially at Loche- Along 
(eastern coast), Lampong. 

South-west of Borneo (Pon- 
tinak). 

South of Borneo (Banjer- 
niassin). 

Rhio Archipelago. 

Malacca. 

Perak. 

Cultivated at Tijetpir, Java. 

It js unquestionably the guttiferous tree 
excellence as regards quality. 

Balam-tembaga is, in Malay, yellow copper leaf. 

The plant, shrinking from drought, is satisfied 
with mediocre exposure. 

Deposit of calcium oxalate in the leaves. 

Abundant colourless transparent latex. 

Alkalies do not colour it. 

The Taban Merah, according to Burn Murdoch, 
is P, oblo7igifoUum\ Taban Chaier is P. sp.; 
Taban Puteh is P. pistiilatum ; and Taban Back 
is P, sp, . 

leysiimnn. 

{urck. 

lurck. 

Borneo. 

Cultivated at Tijetpir, Java. 

Isle of Banka. 

Tijetpir plantations of this 
variety demolished as 
gutta was inferior. 
Sumatra (Mount Sagoh). 


These three species are only varieties of P. 
oblo7igifolium. 

The quality of the gutta percha is the same. 

"But the Netherlands authorities in Java have 
demolished their P. Ti'euhii plantations as in- 
ferior and to prevent hybridisation. 

lentb. and Hooker, 
ierre. 

►e Vriese. 
eysmnnn. 

eligniann Lui and Vesque. 

Borneo. 

Yields a brighter and redder gutta than P. 
oblongifolium. Its fibre is not so fine and 
perhaps not so rigid. 

The Mayang Batou, according to Vesque, ap- 
proaches the Palaquiuni of Pierre, hut is not 
identical. It would appear to be better adapted 
to stand drought and to support more intense 
light than the P. oblongifolium. 

eliginann Lui and Vesque. 
urck. 

Sumatra. 

Malay Peninsula. 

Very hard gutta, unfit for cable manufacture. 

A plant relatively well adapted to stand short 
droughts. 

Very mediocre light (exposure to sun). 

eysmann. 

Java (province of Banje- 
vang). 


ierre. 

Perak, Ceylon. 

Cultivated rationally and successfully by the 
British. 


Wyiiaad, Ooorg, Travan- 
core (British India). 

Horny resin, brittle in the cold. 

ierre. 

French Protectorate of 
Indo-China. 

Only yields a defective product, probably owing 
to climatic conditions. 

anth. and Hooker, 
iquel. 
e Vriese. 

digmann Lui and Vesque. 

aauvisage. 

irek. 

jysmann. 

•omp. 

asskari. 

•au de St. Pol Lias. 

Sumatra (Padang, Assahan, 
and Siak). 

Banka. 

Borneo. 

Rhio Archipelago. 

Aiiihoin. 

Malacca. 

Tawi-Tawi. 

Philippines. 

1 

Owes its name of Baringin or Waringin to the 
resemhlancB of its leai’es to those of the 
Urostigma in Malay, Baringin or 

Waringin. 

This is the gutta percha which enters into the 
majority of the commercial mixtures which 
come to our markets under the name of raw 
gutta percha. 

The gutta percha wants homogeneity. 

The tree arrives at maturity sooner than the 
P. oblongifolium. 

Cultivated by the British at Pardenia and Hem- 
eratgoda. 

All the tissues of the plant contain a substance 
which blackens with alkalies in absorbing 
oxygen, possibly due to Kurz transferring Eera- 
tophorus Lerii to Payena^ but his Burmese 
species is different from above. P. Lucida^ an 
evergreen tree of Assam, Tcnassoriin, and the 
Straits, yields gutta percha. P. Maingayi 
(Clarke) of Penang and Malacca abounds in 
gutta percha (Clarke). 
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Table LXXXIX.— SYROPTIOAL TABLE OP THE 


Family, 

Tribe. 

Variety. 

Scientific Sj'nonym. 

Local Synonym. 

SAFOTACEiE. 

Payena. 

Payena inacrophylla. 

Eacosnianthus mac- 
rophyllus. 

Goetah Moendirig. 

id. 

Bassia. ' 

Bassia Parkii. 

Bassia Butyrosper- 
nium 

,, Niloticum. 

II Butyracea, 

Tree of Charity. 

Ghi tree. 

Saga. 

id. 

Mimusops. 

Mimusops Balata. 

Mimusops Balata. 
Achras Balata. 
Lucuina mamosa. 
Sapola Mullerii. 
Higucrona. 

Mastota. 

Small-leaved or pear- 
leaved mat tree. 

Bullet tree or Bolle- 
trie. 

Manyl-Kara. 

Fresh or bleeditig Balata. 
Red Balata. 

Galibis Balata. 
Muirapiringa. 

id. 

Mimusops. 

Mimusops g^lobosa. 


Purvio, 

Purgua, 

Mbea-r-ata (hard thing) 
in Guarani. 

id. 

Mimusops. 

Mimusops elata. 


Matjaranduba. 

Apraiu. 

id. 

Mimusops. 

Species. 


Maparauba. 

id. 

Mimusops. 

Species. 

Lucuma gigantea. 

,1 fissilis. 

„ lastiocarpa. 
„ laurifolia. 

1, procera. 

Jaqua. 

Garaqua. 

Abiarana. 

Guapeba vermelha, 
Ghana or White Ma<;ar- 
anduba. 

id. 

Mimusops. 

Mimusops sp. 

,, speciosa. 

„ Schimperi. 

„ Eummel. 

Abyssinian Mimu- 
sops. 

Cafequesu, 

id. 

OhrysophylJum. 

Chrysopbyllum rami- 
florum. 

Ohry sophylliim 
species. 


Bacai Guarita. 

Leitero de Mato. 

id. 


Achras Australis. 
Sano Manilla. 
Imbricaria coriacea. 


•• 

Asclepiafe^. 

Cynanchum. 

Callotropis. 

Asclepias. 

Oynanchum viminole 
Oallotropis ^gantea, 
Asclepias acida. 


Modar or Akanda Chat- 
wan, 

Apooynb/b. 

Alstonia. 

Alstonia scolaris. 


Kath Mandu. 

EUPnORBIACK/E. 

Euphorbia. 

Maoarang^a. 

Pedilanthus. 

Euphorbia trigoua, 

II nereifolia. 

Species which may 

Milk hedge or bush. 


I, royleana. 

1, tortilis. 

„ tirucalll. 

Macaraiiga tormen- 
tosa. 

Pedilanthus tisthy- 
inaloides. 

• ■ » .T 

studied. 

1 
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PRINCIPAL GUTTIPEROUS PLANT8-C(m<i»«fi<i!. 


Botanists and Explorers. 

Habitats (known). 

Remarks. 

De Vriese. 

Teysmann. 

Hasskori. 

Miquel. 

Beauvisage. 

Burck. 

Java (province of Bantam). 

Of very inferior ijuality to the preceding. 

Litinseus. 

De Candolle. 

Roxburgh. 

Kotseh^y. 

Guibourt. 

Baucher. 

Heckel & Schlagdenliaufen. 
Mungo Park. 

Gallieni. 

Sohweinfurth. 

Upper Guinea. 

Roy of Bombara. 

Upper Niger, White Nile, 
country of the Nianis- 
Niams, Balcoo valley, 
Baoule, the Beladongo, 
the Eelodongo, the Man- 
diarg, the Guenickalaris, 
in the Bougos. 

According to Heckel, the Bassia would be an 
African guttiferoua plant capable of competing 
with the Palaquium of the SVaits Archipelago. 

Bassia Mottleyam daVrieseiKotlaw of Malacca and 
Borneo); latex an inferior gutta. Three samples 
of JJ. latifolia latex from Hoshangabad averaged 
48*9 gutta, 38*8 resin, and 12*3 ash. It was 
light grey plastic, but yield per tree small. Latex 
of B. longifolia from Tinnevelly gave 22*0 
gutta, 02*7 resin, and 14*7 ash. 

Aublet. 

Goartner. 

Dr. Martin. 

Blume. 

De Vriese, 

Schombitrgk. 

Santa Anna de Nery. 
Biolley. 

French, British, and Dutch 
Guinea. 

Mount Canukut. 

Rivers of Baraiua. 

Surinam. 

Barbadoes. 

West Indies. 

Brazil (Amazonia). 

Oosta Rica. 

Intermediate between rubber and gutta peresha. 
Although its density is near enough to gutta 
percha, it is not ductile enough to be used for 
covering wire, and can only bo used for this 
purpose when mixed with very good gutta 
percha. Softer at the ordinary temperature, 
it does not harden so much on cooling os 
ordinary gutta percha, from which it differs 
essentially hy the manner in which it behaves 
in the air. Whilst gutta percha, exposed to 
the air and light, is rapldlj'' transformed into a 
hard, brittle, and resinous substance, a trans- 
forination which eventually penetrates the 
whole mass, balata, on the contrary, remains 
for a very long time without any perceptible 
change. 

Guartner. 

Rousseau. 

Venezuela (province of 
Maturia). 

Same properties as the preceding ; may bo con- 
fused with it. 

Bernardin da Silva Con-, 
tinho. 

Brazil, 

Venezuela (Inirido and Giia- 
yaire). 

May be classed amongst the series of rubber 
guttas. 

Harder than Mimusops Balata. 


Brazil. 

As above. 

•• 

Brazil. 




Angola. 

Gaboon. 

Abyssinia. 

Brazil. 

Niger. 


All these scarce and little known species require 
to be better studied before it would be possible 
to classify them in any satisfactory maimer. 
Species examined more especially by Heckel and 
} Schlagdonbaufen. In addition to these there 
are the Indian speeies— A/. Kauhi^ M. Elmqi^ 
M. llexandra^ M, /.V;.,:'; ir /: i-' ■■ i:. . . g;- ■ .i 

W'hich no effort has Ik- ■! ■ i ci- : . -.1 ■ . ::■■■ 

latex might not he of similar value to Balata. 


Queensland. 

New South Wales. 
Madagascar. 

Maurice Island. 




British India. 


Haworth. 

id. 

India and the Cape. 

• • Ik 
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gutta percha. Tlie plants to whicL. the same writer drew attention in no way 
respond to the Sumatra species. Seligmann Lui ascertained, at Bangkok, that an 
Englishman, in the service of Siam, had brought gutta percha back "with him after 
a journey to the environs of Pre-Tcha-Bomi, situated in the centre of the Gulf of 
Siam, on the western coast, towards the 13“ of N. latitude. That engineer found 
that the substance in question was none other than Borneo rubber, which is likewise 
found in Burmah, on the Pegu coast. The 'second king, who is especially 
interested in these matters, affirms, moreover, that gutta percha exists at Trigano, 
but not higher. 

Acclimatisation. — There is nothing astonishing in the fact that the difficulties 
of acclimatising the mayangs are almost insurmountable beyond the guttiferous 
zone, and, in localities under the sphere of French influence, there are local obstacles 
such as the torment of the wind in the mountains of Kamchay, then general 
obstacles such as the nature of the country. Seligmann Lui well remarked that 
the natural zone of habitat is limited to about the 5° of N. latitude, and the 
French possessions are situated beyond the tenth parallel. There is also the 
difference in climate between French establishments and the isles of the Straits 
Settlements. In Java and Sumatra, near the coast, the average winter temi^erature 
does not fall below 25“ C. (77“ F.), whilst at Saigon it falls to 22“ C. (71 *6“ F.). 
This difference is much more perceptible in the rainy regions. In the Malay 
Archipelago the annual rainfall exceeds 2 metres (78*6 inches), whilst in Cochin- 
China it varies between 1 and 2 metres (39*3 and 78*6 inches). The rainfall is, 
moreover, distributed in a different way. In Malasia there is ' not, properly 
speaking, any dry season, and— after winter time, during which the periodical 
rains, heralded in by the south-west monsoon, prevail — frequent showers con- 
stantly enrich the soil. But in Cochin-China and Cambodia, after a season of 
daily storms, another of absolute dryness is endured. Trees transplanted into a 
soil under an unsuitable climate will perish, or, at best, are sickly and degenerate ; 
they grow, but only yield produce of an inferior quality. To these difficulties, 
in the experimental acclimatisation of guttiferous trees — not insurmountable 
difficulties if the experiments be conducted within the guttiferous zone — other great 
difficulties have to be added. As recognised by Seligmann Lui, it is not the 
electric properties or the plastic properties which alone characterise a good gutta 
percha, but also its durability. Since the time of the construction of the first 
cables, we have tried to increase the insulation by different processes ; by a mixture of 
different kinds, this has been done much beyond what is necessary. But of the 
substances employed, how many a,re as durable as the pure products of superior 
quality used in the beginning % Whatever results may be obtained in the laboratory, 
great stress should be laid on that important element, previous experience. If a 
new gutta percha appears to present advantages, without doubt its culture should 
be attempted, but as an experiment only, as such gutta percha has not been proved. 
But substances the value of which has been determined long befoi'e, ought to inspire 
quite diffei*ent confidence. In the first rank of the latter, Seligmann places gutta'‘ 
derHan ov tahan. White, when pure, this product is generally tinted brownish 
red by foreign matter. It has all the appearances- of a good gutta percha It is 
the quality most highly esteemed on the market, and it is it, without doubt' which 
was exploited in the first instance. We fell back on other kinds when this became 
rare. According to tie same miter, the second place always belongs to gutta 
sundeh and gutta-hdbou ; this is also in accordance with commercial tendencies. 
Qu^smideh exhibits a white compact mass, the smooth and brilliant cut of 
w^ch has the appearance of ivory. Generally, the products placed on sale have a 
reddish colour, due to the mixture of gutta percha, properly so eaUed, produced 
from the ktex, which circulates between the bark and the wood,- with a coloured 
jmce, which flows from the exterior cortical tissue. This gutta percha would 
appear to be less plastic than the dmrian. The gutta^cAou, of a brighter and 
redder cdour than the demcm, has not so fine a tissue. It is, perhaps, also more 
rigid, iJie guttas^ helouh and gapouh^ confused in commerce under the name of 
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guttorpouteh (white), are but little esteemed. They exhibit, in fact, a property 
which makes them closely approach the gutta called houhd-halam, a substance 
from the lower isles and marshy lands, which is of no value. It becomes friable and 
pulverulent after a comparatively short time. Future conscientious and intelligent 
researches will show whether this transformation is a simple physical change, or 
whether the phenomena of oxidation and resinification observed in the case of 
all old gutta perchas are produced more rapidly in these two kinds. They will 
show whether the heating processes are capable of preventing or retarding these 
phenomena, or whether we should abolish the use of these substances, at least for 
telegraphic purposes, on account of their short durability. They would then find 
their use in certain industries, where the low price will compensate for the prompt 
deterioration, as in electro-metallurgical moulds. The 'niayaiig producing the latex 
of gutta derrian may, at any rate, be used in rational culture and trans- 
plantation experiments. The value of the other species will be ascertained when 
long and delicate researches have tlirown light on the subject. To elucidate this 
point, not only should the electrical properties be examined, insulation, and specific 
inductive capacity, but all the other physical and chemical properties — whether the 
gutta percha be elastic, its behaviour towards heat, at what temperature it softens, 
what consistency it assumes after having been melted, how it resists oxidising agents, 
if it be permeable to water under pressure, etc. etc. And when the answer to so 
many questions has been favourable, when prolonged trial has been joined to the 
testimony of experience, then only will be the time to reply and to propagate the 
new culture. As the results of these researches, shall we get better results than 
that afforded by gutta-derrian % It is possible ; but if to the fifteen to twenty 
years required before a plantation yields its first products we add the number of 
^ years which will be required for the durability test to be conclusive, we throw any 
conclusion back thirty to forty years. 


Table XCI. — Analysis oe Commercial Samples on Boundary oe 
Geographical Area oe Growth oe Gutta Percha Trees (Obach). 


No. 

Percentage Composition. 

Totals. 

Ratios. 

Percentage 

Composition. 

Gutta. 

G. 

Resin. 

R. 

Dirt. 

D. 

Water. 

W. 

G. P. 

(G, + R.) 

Waste. 

(D.+W.) 

G.P. 

Gutta. 

Gutta. 

Resin. 

Waste. 

Resin. 

(1) 

68*6 

18-1 

11-9 

1-6 

86*6 

13*4 

6*6 

3*8 

79 •! 

20 '9 

(2) 

42-0 

14-4 

16-9 

26-7 

56*4 

43*6 

1*3 

2*9 

74-6 

25*6 

(3) 

BO -4 

12-9 

12-6 

24*1 

63*3 

36-7 

1*7 

3*9 

79*6 

20*4 

(4) 

31-7 

26*0 

22 ’3 

20-0 

57*7 

42*3 

1*4 

1*2 

54*9 

46*1 

(6) 

72-8 

13*6 

9-5 

4’1 

86*4 

13*6 

' 6*4 

6*4 

84*2 

16*8 

(6) 

41-5 

19-6 

14-0 

26-0 

1 61*0 

39*0 

1*6 

1 2*1 

68*0 

32*0 


(1) N.N.E. (or) British North Borneo ; light brown, little fine bark. 

(2) E. (within), Ooti, Borneo ; brown, grey, woody, 

(3) S.S.E. (well within), Banjermassin, Borneo ; light pinkish brown, woody. 

(4) S.S.W. (within), Larapong, Sumatra; brown, woody. 

(6) W. (without), Achin, Sumatra ; light b^o^vn, dense, clean. 

(6) N.N.W. (within), Penang, Malacca; brown, much fine bark. 

The questions of soil, climate, and cultivation of gutta percha are long and 
difficult ones. Many years must pass before science can definitely decide the point. 
The British have prosecuted these experiments for a long time. Choosing the 
island of Ceylon as an experimental field, they are within the territorial limits 
essential to success; and if Pierre, in Cochin-China, has had no chance of pro- 
ducing any results, it is to the zone selected to which the unsuccess must alone be 
attributed. Were these same experiments resumed in the line, more near to the 
Equator, of the new French African possessions, the French imagine that they 

21 
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also would be in possession of a real gutta perclia market, in addition to tlieir 
excellent indiarubber market. But all plants, in order to prosper, ought to be able 
to enjoy a minimum, though variable, quantity of heat and moisture. The 
minimum qualities ought to l:)e exactly determined for each species. To be at 
fault in any of those requirements in any acclimatisation experiment is to court a 
check. The j)lants submitted to a re^gime which is not theirs are doomed to die ; 
and if death si.)ares them, the impoverishment, is such that complete degeneration 
takes place, not only in regard to the vigour of the foliage, the trunk and branches, 
but also in their productive value, whatever it may be. An example amongst 
many will make this better understood. In Europe the stem of our hemp pro- 
duces textile fibres. Transplanted into India, the same grass produces a resinous 
volatile oil, known under the name of Ganga^ with very energetic narcotic 
properties. The resin is evidently formed at the expense of the fibre, which 
becomes useless, and no longer furnishes anything but bad fuel. 

Tim Neiherlwiids Iifidian Government gutta percha plantation in Java . — 
Dr. W. Burck, who in 1883 received an order from the Netherlands Indian 
Government to institute an inquiry regarding the gutta percha yielding trees, 
claims the credit of having brought to light the trees which produce the difierent 
kinds of gutta percha collected by the natives. From his researches it a|)peared 
that ^ the gutta percha which is specially needed for the cable industry was only 
obtained from a very few species of trees, whose presence in the forests was 
becoming more and more rare. According to Burck, they are trees belonging to the 
family of Sapotacem^ namely, — the genus Palaquium^ from which PaL oUongifoliuin^ 
Pal borneense, and Pal gutta yields the best gutta percha. The existence of these 
trees is limited to a small area extending to 6“ on either side of the Equator, 
and from 99\to 119“ E, longitude. As may be seen, the greatest part of this 
area lies in Netherlands India, where also the largest quantity of gutta percha 
is obtained. 


When, through the researches of Burck, Wray, Seligmann, Serullaz, and van 
Bombiugh, the veil which hid the mystery of gutta percha and its origin was 
lifted, it also became known that, unless measures were taken, the gutta percha 
yielding trees, owing to the ruinous manner of collecting adopted by the natives, 

: would be entirely exterminated in a very short time. Already in the forests of 
Borneo and Sumatra, in the neighbourhood of rivers, no gutta percha trees are to be 
met with, and the natives have to travel for days into the jungle to find them 
What the position would be if the 236,840 miles (439,047 kilometres) of submarine 
cables now m use had to be renewed, can easily be understood, if it is known 
■ that for 1 kilometre of cable about 25 kilogrammes of gutta perclia. of the best 
quality is required, and a fifteen- to twenty-year-old tree when felled yields no 
more than 400 grammes of the product. For the insulating of 236,840 milbs of 

97 H ^.t a moderate estimate, to fell fully 

27,000 000 gutta percha trees ^ With these figures before them, and bearing in 

all civilised nations have in common in the continued 

lil- T.w Netherlands Indian Government soon 

realised that on their part steps must be taken to prevent the entire extermination 

obiett ImS at &at thought that this 

object would be obtained by a sharper control over the collecting, whereby tho 

to fell trees below a certain measurement, it^soon 
maintenance of these regulations in the almost 
inacee^ible, ^inhabited, virgin forests of Sumatra and Borneo was most difficult 

to’l'irS fact that repeated attempts harbeeTmSe 

thesTeXKLr'i some other insulating material for submarine cables, 
tn^e efloits have not, up to the present, been crowned with success The 
determination to discover other insulating materials was due to the fact that 
mth the considerable extension of the subnLine cable-nlt a proportional 

Whethei m the future the necessary quantity of gutta percha could be reckoned 
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upon for the manufacture of submarine cables. As so little was known regarding 
the trees which yielded the so valuable gutta percha as already mentioned, one 
French (Seligmann Lui), one English (Wray), and one Dutch (Burck) expedition 
was fitted out with the object of throwing light upon the matter. 

On the advice of Professor Treub, Director of the Botanical Gardens at 



Fio. 116. — ^Netherlands Government gutta perelia plantation in Java, 


Buitenzorg, Mr. Cremer, then Dutch Minister of Colonies, whose attention had 
been drawn to the subject, was recommended to promote the cultivation of gutta 
percha trees on a larger scale than had until then taken place. The Minister 
acceded to this proposal, and in 1900 it was decided to establish a, Government 
gutta percha plantation, with the carrying out of which the Director of the 
Botanical Gardens at Buitenzorg was entrusted. The cultivation on a large scale 
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would not have been practicable within a short time, if Treub and Burck had not 
previously adopted measures for the planting of seed trees, it being evident that 
no quantity of seed worth mentioning could be obtained from forest trees. ^ Dr. 
Burck had brought with him several seedlings from his journey in the Padang 
Highlands in 1883, and these were planted in the Agricultural Gardens at 
Buitenzorg. In 1856, through the intermediacy of Teysmann, a small garden 
of Falaquim rMongifolium and horneense was planted in the Residency Banjoemas. 
As the space, however, was limited, a somewhat larger plantation was, on the advice 
of Professor Treub, laid out in 1885 at Tjipetir, in the Residency Preanger 
Regencies, for which the seed was obtained from the first-mentioned garden. 
When, therefore, in 1900 it was decided to open up a large gutta percha plantation, 
there was no difficulty in obtaining seed, owing to the existence of a great number 
of seed-bearing trees in the small plantations already’ mentioned. If there was 
for a moment any doubt as to which place in Java was most suitable for the new 
plantation, the preference was speedily given to Tjipetir, Evidence had shown 
that gutta percha, althowjh not growing wild in any part of Java^ flourished 
there. Moreover, the opportunity was favourable, as there were about 5000 acres 
of forest ground available at Tjipetir, The immediate neighbourhood of the 
seed trees, the presence of cheap labour, and the nearness to a railway station 
and to Buitenzorg, wxre other considerations which influenced the decision 
come to. 

The Govermnent gutta percha plantation at Tjipetir, — This plantation is 
situated in the Residency Preanger Regencies, eight miles from the railway station 
Tjibadak, and seventeen miles from Wynkoops Bay, on the south coast of Java, at 
an elevation of about 1700 feet above the sea, on the spurs of the extinct volcano 
Salak. The plantation is divided into the following subdivisions : Pasir Kilang, 
Tjirawa, Tjipetir, and Panjindangan, The climate is healthy and pleasant, with 
a maximum temperature by day of 27°*4C. and by night of 19“*7C., while as 
regards moisture, it may be classed with those regions having an abundant rainfall. 
In the neighbourhood of the plantations are situated a number of flourishing 
tea estates. The cultivation of tea prospers here exceedingly, Soil, — ^The gardens 
are hilly, and, consequently, the composition of the soil varies in different places. 
On the summits of the hillocks, and in places which have formerly served as 
farm ground for the native cultivators, who took no measures to prevent washing 
away of the ground, it is less fertile than in those areas which were formerly 
covered by forest. The soil consists principally of a brown porous clay with 
about 9 per cent, of sand. The subsoil is also porous to a considerable depth, 
so that no drainage precautions have to be taken. In the rainy season it is 
easily worked, for which purpose the native hoe is exclusively used. Ho use 
is made of European farm implements, such as ploughs, harrows, rollers, spades, 
etc., they being too expensive and unsuitable. A great advantage lies in the 
capacity of the soil for retaining moisture, so that even in the event of a drought 
of two months there is still sufficient water in the ground, and it has not yet 
happened that the leaves of the trees have drooped owing to drought. Method 
of cultivation, — Although gutta percha trees in the forests originally grow in 
the^ shade, it is not necessary to cultivate them in this manner any more than it 
has- been found necessary in the case of Para rubber trees, which, in the natural 
state, grow between other surrounding trees. On the summits of hillocks and 
other exposed situations it is desirable to give the young plants some shelter. 
This is possible by planting" at the. same time dadap {Erythrind) or other plants 
which are useful for green manuring, such as Tephrosia^ Indigofera and other 
Legmrbinosem, • In the .b’egihhing:igj.rtt4rfiefchk^^^^^ planted at a distance of fully 
12 feet by' 12 ' feet. ^ When mope >pl)B|j||<^ng' material was available, and it appeared 
• that by closer planting the upkeep was cheaper, and that the plantation by the 

^ Bats are very fond of the ripe fruit, which they consume on the wing, so that it is very 
difficult to find seeds amongst the dense undergrowth of the virgin forest. Moreover, the 
greater part of the seeds lose their germinating power within four weeks after being plucked. 
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extraction of gutta percLa from the leaves could more rapidly be brought to 
the stage of production, a closer method of planting was adoj^ted, and the planting 
distance reduced to 4 to 6 feet square. As the gardens of Tjipetir are hilly, the 
rows of plants follow the slopes of the gardens, in the same manner as is usual 
in the cultivation of tea. Measures must be taken to prevent washing away 
of the ground by the abundant rains. Young plants in the beginning have to 
struggle against crickets and white ants ; and at a later age leaf -eating caterpillars 
such as Rhodonewra myrtcea Drury ^ Ophiusa serva Fahr.^ can cause a great deal 
of injury to the plants, the first-named being specially to be feared. .Planted 
4 feet apart in favourable gardens, the plants have closed up in their third year, 
and recourse must be had to thinning. 

Flanting niateriaL — As already mentioned, the planting material is principally 
drawn from the seed-bearing trees planted by Dr. Burck at Tjipetir in 1886. In. 
the beginning Dr. Burck planted PaL ohlongifolium^ Pal, gutta. Pal. horneense, and 
Pah Treubii. The planting material of these trees as regards Pal, ohlonipfolium, 
was obtained partly from plants collected by Dr, Burck in the Padang Higlxlands, 
and partly from the plantations in Banjoeinas. The seeds of Pal. gutta. and Pal. 
horneense came from the Botanical Gardens, The propagating of the last-named 
species was less rapid than that of Pal. oblougifolium, owing to want of planting 
material. The seed-bearing trees at Tjipetir therefore consist mostly of Pal. 
oblongifoUum. When it appeared from a subsequent examination that the product 
of Pal, Treubii had to be ranked with the inferior kinds, and, moreover, that the 
nature of its leaf did not readily admit of the mechanical separation of tlie 
gutta percha therefrom, all Treubii trees were cut down shortly after the establish- 
ment of the plantations, to make certain that no hybridising could take place with • 
the superior species. Pal. gutta, Pal. oblongifoUum, and. Pa/, hormenm, which 
possess a great similarity one with the other, all yield a superior product. On 
the Government gutta joercha plantations these three si^ecies. are now exclusively 
cultivated. At Tjii)etir the gutta percha trees blossom about August, and the fruit 
ripens in Pebruary-March. ISTot all gutta percha . trees blossom. From the 8596 
trees older than fifteen years, 2360 bore fruit in 1906. Before the tenth year 
the quantity of fruit borne is unimportant. A single seven-year-old tree bore some 
fruit a short time ago. It must here be noted that a crop of seed cannot be looked 
for every year, as in some years the crop is a failure. 'I'he seeds soon lose their 
germinating power. If they are not planted within four weeks, then the majority 
have lost their germinating power. The seeds, which are as big as an almond, arc 
planted in covered nursery beds at distances of 15 centinietres. Tlie germination 
takes place within fourteen days. The seeds must be superficially i^lanted, as tho 
young stalk grows twisted if they are planted too deep. After nine or ten months 
the young j)lants are fit for transplanting. It is, however, better to transifiant them 
when over a year old. -When transplanting, tho tap root and young stem are 
shortened. Pro 2 .)agating of gutta percha trees by means of cuttings or grafts is 
difficult, so that for planting on a large scale one is entirely de 2 )endent on seeds. ^ 

The planting distance is, as already stated above, not everywhere alike. 
During the last three years the trees of several plantations have been planted at 

^ This seems in conflict with what Obach says in his Cantor Lectures : — “It has variously 
been asserted,” says Obach, “that gutta trees cannot be reared from seeds. But I can assure 
you, on the high authority of Dr. Treub, that this mode of propagation is quite feasible, although 
the seeds do not keep their germinating power very long, and a more certain method is that 
technically known as marcottago, which consists in burying a brniich oF the tree in tho ground, 
allowing it to take root, and afterwards separating it from the 2)arciit. According to informa- 
tion obtained for me from a Chinese gutta planter, cuttings from old tree.s can also bo used for 
propagation, and it is best to insert them into a eocoannt to take root there and then transplant 
them. Young iDlants reared in this way can be bought at Penang and Batavia at .'JO cent.? a 
piece. Saplings from the jungle where obtainable, or from plantations, arc also .suitable for 
transplanting, and they can now be bought in Kalacca at a very low iiricc. Dr. Treub finds 
young plants reared from Marcottes more vigorous than those from seeds. ’ Grafting is declared 
to be impossible by Mr. Eidley, on account of the fungi and bacilli which attack the plant. 
M. Serrulaz took the whole stools from the forest and transferred them to a nursery.” 
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a distance of 4 feet by 4 feet, wldle in tlie older gardens the distance is 12 feet by 
12 feet. Wkere tbe gutta percba does not flonrisb, other kinds of trees are planted. 

• Obtaining th^ product. — As is already known, the gutta exists not only in the 
bark but also in the leaves. The bark contains about 5 jper cent, gutta percha, of 
which about 3 per cent, is gutta, ^ and the fresh leaves^ of the superior kinds 
contain about 10 per cent, gutta percha, of which about 5 per cent, is gutta, 
calculated on the basis of dry matter. Fresh bark contains about 65 per cent, 
water, and in the case of freshly plucked leaves this figure amounts to about 60 
per cent. Young bark and young leaves contain a larger percentage of water. 
A portion of the latex is obtained in a very simple manner from the bark. For 
this purpose it is necessary to make an incision in the stem, and after a short time 
the latex exudes from the wound. To obtain as much product as possible from 
the stem, the natives first fell the tree and afterwards proceed with the real tapping. 
For this purpose they ring the stem at distances of a foot. The latex that exudes 
from the circular wounds is caught up in basins. A portion coagulates in the 
wounds, which is later on collected together with a scraper. The liquid latex is 
placed in a pan above a slow fire to coagulate, softened in warm water, and after- 
wards kneaded firmly together. The gutta j)ercha which the leaves contain is not 
obtained in so simple a manner. At a comparatively early date people concerned 
themselves with the preparation of gutta percha from leaf. The first idea was to 
obtain the gutta percha from the leaves by extraction with chemical substances, 
such as toluol, benzine, etc., but no practical results were obtained by these 
methods, as the guttapercha after being treated by these agencies midergoes a change 
which nmlces it v/nsuitable for the insulating of submarine cables. Better results 
were however obtained from mechanical preparation. This method was first 
brought into use by a Frenchman named Arnaud. Later on it was improved 
and applied on a large scale by Ledeboer, who for that purpose established a large 
factory at Singapore. The method is in princiiDle to grind the fresh leaves to a 
pulp, which is then boiled with water, after which the gutta-percha, which rises to 
the surface, is skimmed off. Dr. Tromp de Haas has also succeeded in obtaining 
gutta percha from old fallen leaves by mechanical means. The yield is in this 
case not so large as from fresh leaves. 

The preparation from leaves has the following advantages : — 1, In the case of 
cultivated trees, a commencement may be made with the obtaining of the product 
in the third and fom'th year, whilst otherwise at least fifteen years must elapse 
before the stems can be tapped, 2. In this manner the largest yield i 3 er planted 
acre is obtained. 3. This method of collecting is the least injurious to the tree. 
It is intended to work the Government gutta percha plantation according to both 
systems, namely, by obtaining the pi^oduct from the leaves, by mechanical process, 
and by obtaining the product from the stem. This is possible if, from the be- 
ginning, the trees are planted closely together. In the course of years a thinning 
out takes place in such a manner that at last a certain number of well developed 
trees remain standing, which must serve for the obtaining of the product from the 
stem. For this purpose they will not be felled but regularly tapped. From the 
leaves and young twigs, obtained from the thinning out, the gutta percha will, in 
the meantime, be extracted by mechanical process. In order to obtain an idea 
as to the probable results, the following leaf-production was obtained in an ex- 
perimental plot at Tjipetir. From a three-year-old garden with trees planted 

^ latex consists chiefly of water, gutta percha, salts, proteids, and some other substances. 
The proportion of gutta percha amounts to about 40 per cent. Gutta-percha itself consists of 
a mixture, probably of some solid gutta hydrocarbides with different quantities of oxygenous 
compounds, to which the general name of resins has been given. Gutta is the most important 
ingredient, and the properties of gutta percha are for the most part dependent thereon. The 
produce from the stem of the best kinds contains about S,*) per cent, gutta and about 15 per 
cent, resinous niattor. Gutta-percha prepared mechanically from the leaves contains about 90 
per cent, gutta and 10 per cent, resinous matter. 

® The quantity of gutta and resinous matter in the leaves is not always the same. This is 
dependent on various factors, such as age of the leaf, of the tree, etc. 
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4 feet apart, from 0*88 acre 890 kilos, of fresh leaf was obtained by pruning and 
thinning out, and the following year 2744 kilos. After the thinning out there 
still remained 1320 trees per 0'88 acre. For the folio Aving years no particulars 
are yet known. From an experimental area measuring 0*35 acre, comprising 
55 trees planted in 1888, the quantity of fallen leaf was weighed during two years. 
The average fall on leaf amounted per year to 1368 kilos., or about 25 kilos, per 
tree. Above figures must not be taken as a basis for the whole plantation, because 
the condition of the experimental plots is generally more favourable than that of 
the whole plantation, but they allow us to make a cautious estimate. Experiments 
regarding the tapping of the trees according to the native method, z,e. by felling 
the trees, gave the following results: — 8 twenty-year-old trees yielded 1831 
gramnies gutta percha, or an average per tree of 0*228 kiloj 363 twenty-year- 
old trees tapped according to the herring-bone method yielded after three tappings 
(after the third incision no more juice exuded from the wounds), 30*048 kilos, 
gutta percha, or an average per tree of about 80 grammes ; 25 nineteen-year-old 
trees tapped according to the same method yielded 1819 grammes gutta percha, or 
an average per tree of 73 grammes. In 1912 the plantation will be in full pro- 
duction as regards the croj) of leaf. With the winning of product from the stem, 
a commencement cannot be made before 1915 as regards the gardens planted in 
1900. The oldest trees will then be fifteen years old. The yearly yield from the 
stem products is estimated to be 11 kilos, dry gutta i^ercha per acre for the whole 
of the Tjipetir plantation. 

Gutta percha fat . — The seeds of the gutta percha tree contain a great amount 
of a vegetable fat of high melting-point, which can very well be used for several 
technical purposes. The seeds consist of about 85 per cent, kernels and about 15 
per cent, husk (or shell). The composition of the fresh kernels is as follows : — Water, 
45 per cent. ; ash, 1*6 per cent. ; proteids, 4*8 per cent. ; fat, 32*5 jjer cent. ; carbo- 
hydrates, 14 per cent, ; fibre, 2*1 per cent. Based on water free substance — ash, 
2*90 per cent.; proteids, 8-75 per cent.; fat, 59*09 per cent.; carbohydrates, 
25*46 per cent. ; fibre, 3*82 per cent. The melting-point of the fat is about 
40® 0., and it is thus solid at ordinary temperatures. It is composed of the 
following fats: — Stearine, 57*5 per cent.; oleine, 36*0 i^er cent.; palmitine, 6*5 
2 :>er cent. To make an estimate of the future fat production is not easy, seeing 
that the fruit bearing of the trees is very irregular. In 1906, of 8596 gutta percha 
trees over ten years old, only 2360 bore fruit, Avhich produced 3795 kilos, 
dry kernel, and this quantity, if worked to obtain the fat, would have yielded 1850 
kilos. In 1918 all trees at Tjipetir will be ten years old. Sui:)posing that . 
the number of trees per acre averages 142, then the total number of trees' would . 
be 347,000. If we take the figures of the year 1906 as a basis, of the 347,000 
trees only 27*4 per cent, nor fully 95,000 trees, would bear fruit, with a jjroduction 
of fully 150,000 kilos, dry kernels, out of which fully 74,000 kilos, 
fat could be extracted. In 1904 the value of 100 kilos, of this fat was . 
estimated to be .£2, 14s., a value higher than that of Chinese vegetable tallow 
(from Stilliugia Sebifera). 
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METHODS OF COLLECTION — FELLING AND EINGING VERSUS 
TAPPING^EXTEACTION OF GUTTA PEECHA FEOM LEAVES 
BY TOLUENE, ETC. 

In Sumatra, wild gutta perclia is got by felling the tree. When the trees are of 
colossal size, they are swollen at the base. This enlargement takes the form of 
vertical plates, and the wood-cutters are obliged to erect a scaffolding from which 
to fell them. Such giants are rare, and are only met with in forests where the 
natives have not yet penetrated regularly to secure the resin. The native collectors 
of gutta percha go to the forest generally in gangs of three to four, and as the 
producing trees are found in the densest parts of the virgin forest, and as the woods 
adjoining the hampongs (villages) have for a long time been denuded, the gutta 
percha searchers have to make a home for several days in the forest, and build a 
common hut for the purpose. They know, with marvellous skill, how to discover 
the gutta percha tree in the densest part ] and if they have the slightest doubt in 
regard to the tree they want, the leaves of which they cannot discover under the 
vault of foliage which often overhangs it, a simple incision in the trunk causes a 
milky juice to run into their hands, the quality of which they can thus easily 
determine. Moreover, they can distinguish the s]3ecies without risk or error 
by the trunk, by the thickness of the bark, and the greater or less hardness of the 
wood. If they find a tree which appears to them to be rather big to be exploited, 
they fell it with an axe, after which they “ ring ” it, i.e, trace semicircles on it by 
means of a hatchet 30 to 50 centimetres (say 12 to 20 inches) apart. In some 
localities, e,g, Borneo, before ringing the trunk, they prune or strip the fallen tree 
to the summit, so as to hinder the milky juice from spreading through the branches 
and leaves of the cyme. The juice collects with greater or less speed, according to the 
species, in the rings traced by the hatchet. Obach collected some figures as regards the 
quantity of solid gutta percha yielded by an adult tree. The data given are, he points 
out, very conflicting. Older writers like Oxley and Logan give as the average 13^ lb. 
and 5J- lb. for Singapore and Johor respectively, but later observers quote much 
smaller figures. Wray, for instance, obtained only 2 lb. 5 oz. of fairly clean gutta 
percha from a Taban merah at least a hundred years old, and 2 lb. 11 oz. from 
a Taban puteh. Burck obtained on an average only 11 oz. from adult trees in 
West Sumatra, and Serrulaz 13;J oz. from a giant tree felled in Pahang by 
Dyaks. ^ The yield evidently depends greatly upon the kind of tree, manner in 
which it is bled, the season, etc., the milky sap being said to run most freely 
directly after the rainy season is over. When the tree is wounded without first 
being felled, the latex flows much more tardily and sparingly and also coagulates 
quicker, the output is therefore notably smaller, — this being one of the reasons why 
the Malays still resort to the old method of cutting the trees down before bleeding 
them. Sherman (1907) says, “Trees of inferior grade have been found to give as 
high as 8 lb. Probably the best average obtainable is 3 lb. In the Tirm'ay district 
of Mindanao I secured 1 lb. of clean gutta percha from a tree 135 feet high and 
5 feet 4 inches in circumference at the base. The work was carefully done by the 
natives. Taking a measured amount of the bark of this tree after no more gutta 
percha could be collected by the native method, and extracting all of the gutta 
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percha which it still contained, it was estimated that after collection there still 
remained 6^ lb. of gutta percha. Taking into consideration the fact that had the 
tree not fallen in such a way as to leave almost all of the trunk propped high 
enough above the ground to allow the milk to be extracted from the bark on the 
underside, the amount extracted would undoubtedly have been much less, or, in 
other words, ten times more gutta percha wwld have been left to rot with 
the tree than was taken from it by the natives. Other investigators have 
secured figures as large as these, and some found that forty times more gutta 
percha was left behind than was secured by the careless collectors,” The latices 
of the Payena Leri% of the Tuhan derrian and t&nihaga of Soupayang, 
does not coagulate immediately; but that of Dichopsis dbloTvgifolm is thicker, 
easily gelantises, and condenses between the bark and the fibres of the wood. 
In regard to the Dichopsis^ the searcher sj)lits with his hatchet the bark of the 
open ring, and reduces it to a soft pulp, which stops leakage on the outside. 
Some say the native only regards as good gutta percha that which solidifies in his 
hand. That is a great error, and Burck affirms that the gutta percha searcher 
knows well that the species which yield a clear juice may furnish a very utilisable 
gutta. The collection of liquid gutta percha is made in certain localities with 
extreme carelessness ; whilst the operator traces the rings at the base of the cyme, 
a considerable, quantity of juice flows away. He does not take the trouble to' 
collect this liquid in the bowls or in the receivers cut in the bark of the trees. 
Certain searchers pretend that the gutta percha which thus flows away is of inferior 
quality, and is only sold at a low X->nce in commerce ; it is too white, and they 
know that the red or brown colour is preferred. Others give no reason for their 
negligence. The tree having been ringed up to its summit, it is necessary to 
collect the juice, which immediately shows itself in the rings or depressions. 

Everything in the depression — as much bark as solidified juice — is drawn out 
with an iron scraper, and packed into a bag made from the matweed. ^Tien the 
rings have been scraped, the task is regarded as finished, and they go on to rejieat 
the same operation on another tree. The milky juice often continues to flow into 
the rings rather abundantly; it is, however, neglected, and the tree is wholly 
abandoned. The incisions are only made on the upper half of the fallen tree. 
The other, the lower half, touching the soil, remains intact ; it is impossible to 
turn this half to incise it, as it would entail too much manual labour, too many 
workmen, and the situation of the tree, in the middle of the forest, on uneven 
ground, presents numerous insurmountable difficulties. The tree, half freed of-- 
its gutta percha, remains neglected in the wood, yet that tree jdelds a workable 
wood and excellent building timber. In other localities these same trees are felled, 
to be split into boards or planks, without bothering to collect the gutta percha 
This method of working shows incredible improvidence. Each giant tree felled 
brings with it a certain number of others. It is sometimes necessary to previously 
fell those which surround it, and which are bound to it by climbers which would 
hinder its fall. The consequences of such a destruction of guttiferous trees were 
easily foreseen, and have been more acutely felt every year for a long period. 

As the adult trees are already felled where it has been x)ossible to jjenetrate, 
the natives are forced to content themselves by exploiting the young trees, which 
only yield an insignificant quantity of latex. It is said that a gutta percha searcher 
does not look ux)on a JDichopsis as worth exploiting until the tree reaches the size 
of a cocoa-nut tree, about 1 metre (3*28 feet) in circumference. But now it rarely 
happens that trees of this size are encountered, and it is therefore necessary to fall 
back upon the young plants. In the forests a considerable quantity of large 
guttiferous trees may still be found yielding a x3roduct of inferior quality, not ex- 
ploited formerly. These have only commenced to be exploited within the last twenty- 
five years, as the better sorts became more and more rare, and the demand grew 
from day to day. “ It is fortunate that only the fulkgrown trees contain enough 
gutta percha to repay the work of felling and wringing, otherwise the complete 
extermination of the gutta forest would only be a matter of a year or so. On the 
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otHer hand, the felling of all the trees old enough to hear seed works to the same 
end with a longer limit.” — Sherman, lot, dt, Obach gives the following account of 
how the latex is obtained : — In order to get at the latex, it is therefore necessary 
to cut through the bark and cause it to exude. The practice of the Malay getali- 
collector is invariably to fell the tree, chop oJff the branches, and ring the bark 
at distances of 12 to 18 inches all along the trunk. The milky sap soon fills the 
grooves cut into the bark, and with the better kinds of trees quickly coagulates \ 
it is then scrai3ed olf with the point of a knife. In the case of inferior trees, 
the latex requires a much longer time to curdle, and has to be collected in a 
receptacle of some sort, a cocoa-nut shell or the spathe of a palm, for instance, 
placed under the trunk. The latex is then taken to the huts and gently boiled 
either by itself or with the addition of water: The material obtained without 
water is called a goolie^ the other a gutta j but the two kinds are mostly mixed 
together. The goalie is more compact than the gutta, and it has a dough-like 
smell. For felling the trees the Malays use a small axe, called a hilliong ] it 
has a chisel-like edge. The gutta percha which Leon Brasse and Seligmann Lui 
saw collected undergoes a preparation which varies with the species. The milky 
juices — such as that of the Payeiia — are carried to the hut in the liquid state, 
whilst that of the Pichopsis^ which is thicker, is of necessity mixed with woody 
fragments as soon as it issues from the tree. On the way the juice further con- 
denses, the operator takes out the largest pieces of debris by hand, and throws the 
mass into a pot filled with hot water. The gutta percha softens therein and 
becomes plastic, and is easily transformed into a compact mass. Good qualities 
do not stick to the fingers. The plastic mass is reduced to as thin and flat a band 
as possible, and the remainder of the ligneous corpuscles, however thin, are removed 
from the. surface of the band by hot water, or by rubbing with the hand, or in any 
otlier way. Generally, the same operation is repeated a second time ; the gutta, 
again softened, is kneaded, drawn into sheets, washed and rubbed, and finally rolled 
on itself into lumps or pieces of different size and shape. Hence the foliated 
appearance seen in the body of the cakes. Twice purified gutta percha is distin- 
guished by its superior quality from once iDurified., But as put on the market it is 
far from being pure, and is still mixed with an enormous quantity of woody 
particles, which cannot be removed without undergoing various tedious operations 
described in the sequel. In Sumatra, far from purifying the gutta percha previ- 
ously, crushed bark is added to it by the handful Gutta percha changes colour in 
the course of these operations. As it issues from the tree it is always white. 
Boiling with the debris of the bark and the wood causes it to contract a deeper 
tint ‘and diversely coloured hues ; and if the gutta of the Payena takes a yellowish 
tint in contact with air, the colour of the DicJwpsis is entirely due to the colouring 
matter absorbed on boiling. Certain writers assert that collectors boil the gutta 
percha with a tinctorial substance, to impart to it the colour sought after in 
commerce. There is no need for such trouble, at least in Sumatra, where the 
gutta is red, because it is not possible for it to be otherwise when it comes from a 
Dichopsis, as it is always mixed with fragments of bark sufficient to colour it. 
It is rare that such gutta percha is put on the market pure. Balam-tenibaga^ halam 
hvingin consist for the greater part of a mixture of several kinds. This mixing is 
so general that it is altogether impossible to procure pure samples free from ad- 
mixture from the native merchant. The most successful mixtures often bear the 
name of halam-temhaga^ even when the juice of Dichopds ohlongifolium is alto- 
gether absent. Every mixture regarded as a falsification, if we look at,, the matter 
from a ijurely scientific point of view, cannot be regarded as such unless done on 
purpose and with a view to a premeditated fraud. The gutta percha searchers who 
have got a certain quantity of su^^erior quality halam soon see that they have not 
enough to sell it profitably. They go in quest of a tree capable of yielding a 
substance of the same land, and, as the search would take too much time, they 
have recourse to the first tree they meet, until they have got as much as they want. 
Returned into their hampong^ they have in hand several kinds of gum resins, but 
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too little of each kind to sell it separately ; it is then they make the mixtures 
already described. Experience tells the kinds which would spoil the mixture, and 
they take good care not to use them to their own detriment. 

Yield of gutta percha^ effect of age^ size, etc,, from a Dichopsis. — According to 
Burck’s calculations, 250 grammes (about ^ lb.) of completely purified gum is the 
amount produced by a Dichopsis ohlongifoliwm of 65 feet in height, with trunk 
24 inches in circumference at a man’s height, whilst a tree of the same species of 
only 16 inches in circumference only yielded 160 grammes (about 5 oz.). But 
Dichopsis of 16 inches in chcumference is far from being in the adult stage; its 
circumference would have to be doubled before it would be of age to bear flowers 
and fruit. Now a tree of 16 inches is very rare in our days. However that may 
be, it may be taken for granted that a Dichopsis of twenty-six years of age yields 
300 grammes (rather over 10 oz.). The figures given by Serrulaz, which 
certainly refer to the Dichopsis, are very approximate to the above. According to 
that writer, a four-year-old tree does not as yet yield latex ; from fifteen to twenty 
years it gives 90 to 110 grammes (say 3 to 4 oz.). At thirty it may yield 250 to 
260 grammes (say 8| to 9 oz.). When fully developed, its production might 
amount to 500 grammes (say 17^ oz.) (exceptional maximum reached). 
Finally, in declining old age its production is reduced to nil. 

It has often been asked if there were any absolute necessity for felling the trees, 
and if it would not suffice to incise the trunk to obtain gutta percha. The native 
Malay knows very well that this more rational method, applied to the same tree 
for a determined series of years, will in that way yield each time a certain quantity 
of gutta percha ; but it is difficult to wrest from him the idea that this method 
would considerably diminish the annual production, and would give but a very 
insufficient remuneration for his efforts. In his work of destruction he thinks of 
nothing but his immediate tangible interests, without the least care for the future. 
Nothing appeals to him but the greater or less degree of trouble inherent to his 
work. If climbing the tree and incising the bark appeared to him more easy 
than felling, then he would incise, as he does with the indiarubber tree. As 
to the gutta, he is convinced that felling will give him less trouble than incision, 
and he does not see why he should incise for a production which he regards as 
insignificant. Yet incision without felling yields at least one-half, if not two-thirds, 
of the amount yielded by felling ; for do not let us forget that by feUing only half 
of the available gutta percha is obtained, since the substance is only extracted from 
that part of the tree which does not repose on the ground. Moreover, a partial 
flow of the milky juice causes no injury to the vegetative vigour of the tree, and 
Burck tapped four trees of the same species, and it did not even hinder them from 
flowering six months afterwards, — a sure proof of the harmless nature of upright 
tapping. The incision of living trees is therefore not only possible but more 
advantageous, and yields a continuous supply without drying up the sources of the 
precious hydrocarbide so rapidly as felling. 

Extrciction of gutta in Borneo, — Leys, Consul-General of the British possessions 
in North Borneo, describes the process of collection followed in the north-west of 
that island, i,e, in Sarawak, in Portianak, Labuan, etc. etc. The different sorts 
are the products of different trees, but the pure red gutta i}ercha of Borneo is the 
product of a Dichopsis, Other species yield inferior quality latex, which are 
mixed by the natives with good gutta percha. The red quality is obtained from 
trees of 100 to 150 feet, which grow in old jungles on the hill sides. The raw 
product is extracted as follows : — ^Wlien the searchers have found a tree old enough 
to be profitably exploited, i,e, having a circumference of 12 inches at a man’s 
height, they fell it, cut oft* the top, and ring the bark at distances of about a foot. 
The latex flows for two or three days ; it is collected in any kind of a vessel, 
such as leaves or a split cocoanut ; it is then boiled in a pot for half an hour 
with a small quantity of water, which hinders it from hardening on the outside 
later on by exposure to the air, and thus be so far deteriorated as to be of 
no' commercial value. It is difficult to estimate the yield of a tree, because the 
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quantity varies witli its size and the season j the flow of. the latex reaches its 
maximum when the foliage is fully developed ; but the yield varies greatly with 
the age. A small tree generally yields 33 lb., whilst a larger tree may yield as 
much as 100 lb. Another Diekopd^ ^ yields a white inferior gum resin. It is 
smaller, and only attains a height of 50 to 60 feet. Its foliage differs slightly, 
and barely produces but 12 to 13 kilos, (26 J to 28| lb.) of gutta percha.^ 

Dr. Sherman, jun., of the. U.S.A. Government Laboratories, Manilla, ’gives the 
following description of both the mechanical and the chemical process of extracting 
gutta percha from bark and leaves : — (1) Mechanical : The leaf is ground to a 
powder and then treated in hot water so that the gutta percha is gradually 
worked into a compact mass, while the pulp of the leaf is washed away. Up to the 
present (1903) the process has not been perfected, for though the gutta percha 
contained is of good quality, the percentage of recovery is smaller than it should be. 
The largest factory of this kind is being erected near Singapore, and it proposes to 
use the leaves from a plantation of 100,000 trees on the island of Ehio, some five 
hours from Singapore. (2) The chemical process is carried out in the same lines 
as the mechanical one so far as the grinding of the leaves is concerned. The 
powder is then extracted with solvents, and the dissolved gutta percha recovered 
either through precipitation or through evaporation of’ the solvent. The details of 
the process, as well as the solvents used, are kept secret, and no patents- for this or 
the mechanical process have been taken out (szc). The largest factory producing 
gLitta percha for the 'market is located at Sarawak, North Borneo, and is very 
advantageously situated as regards securing leaves from the surrounding gutta 
percha forests. It has been claimed, however, that the factory defeated its avowed 
object of preventing the destruction of the trees, for the native collectors employed 
would never risk their lives trying to collect leaves from forest trees- over 100 feet 
high when they could gather them much easier by felling the tree and collecting a 
goodly amount of gutta percha in addition. It thus appears that the supply of 
leaves must come from a plantation where supervision can be exercised. The plan 
of felling the gutta percha trees of the forest and securing all of the material from 
the bark and leaves is worthy of serious consideration. In the first place, the trees 
are surely doomed as long as present conditions obtain. If the native, can sell the 
entire bark and leaves for more than he could get for the gutta percha which he’ 
could extract, he will be tempted to bring them in. A second inducement for this 
method is the fact that many gutta percha trees cut down even years previously 
have still much perfectly sound gutta percha in the rotting bark which could also 
be secured. The process of recovering the substance from the bark is practically 
the same as from the leaves, and about the same per cent, is found there as well. 
With a yield of 10 to 15 times the present amount recovered from each tree, the 
gutta percha market would be relieved at once and the extermination of the trees 
put off many years, long enough at any rate to allow plantation trees to take their 
place. 

A large amount of work has been done in this laboratory with the purpose of 
finding a practical method for extracting the gutta percha from the bark and leaves' 
of the gutta percha trees. The process calls for a solvent for the gutta percha 
which will dissolve it easily, can be recovered and again used, and above aU has no 
deleterious effects on the substance. ' . 

The result of the experimentation led to a modification of the Obach 
hardening method for gutta percha. The process consists in extracting the gutta 
percha bark and leaves by means of hot gasoline, the apparatus being provided 
with reflux condensers. While the gutta percha has entirely dissolved, the solution 
is allowed to stand until all of the dirt and most of the colouring matter has 
settled. The clear supernatant liquid is then poured oft* and cooled to 10“- or 15” F. 
below freezing. The gutta,, with a small amount of resin, is thereby precipitated, , 
and can be filtered off through cloth bags and dried. The resulting gutta can be 
further purified by redissolving in distilled gasoline and reprecipitating. 

^ D. MacTo;p1vylla, ^ 20 catties, 26 J lb. per ti’ee. These yields seem abnormally high . 
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The filtrate containing the dissolved resins is redistilled and the recovered gasoline 
used for effecting further solution of gutta percha, thus making the process 
continuous. 

The gutta so secured, on being warmed, can be pressed into any desired form 
for experimentation. The gutta used in the above experiments was so prepared, 
and the results of the physical and chemical tests showed it to be unaffected by the 
process to any appreciable extent. A year's exposure to laboratory fumes has not 
changed the substance in any way. 

It is to be noted that the process gives practically pure gutta and not gutta 
percha, the resins remaining dissolved in the gasoline. This is in itself a great 
advantage, as the gutta could be used- directly for bringing up the percentage in 
inferior grades of gutta pkcha, and so make them suitable for cable insulation. 
The commercial value of this gutta has not been determined, but should be rated 
at about $600 Mexican per picul, judging from the price of the best gutta percha. 
In this way three piculs of Philippine gutta percha at $210 Mexican will produce 
1 picul of pure gutta valued at $600 Mexican, or a gain of $390 for every 3 piculs 
of gutta percha (or the equivalent in bark and leaves) handled. 

Extraction of gutta in the Philippines. — Sherman, from whom we have already 
quoted, gives the following interesting account : — The method, which is still in 
vogue from the westernmost part of Sumatra to the easternmost point of Mindanao, 
is, with various minor modifications, practically as follows : — The tree is first cut 
down and the larger branches at once lopped off, the collectors say, to prevent the 
gutta percha milk from flowing back into the smaU branches and leaves. As has 
been previously stated, the miUc or latex is contained in the inner layers of the 
bark and leaves, in small capillary tubes or ducts. (See Fig. 14.) To open these 
so as to permit the maximum amount of the milk to escape, the natives cut rings 
in the bark about 2 feet apart along the entire length of the trunk. The milk 
as it flows out is collected in gourds, cocoanut shells, large leaves, or in some 
districts in the chopped-up bark itself, which is left adhering to the tree for the 
purpose of acting as a sort of sponge. After one or two hours, when the mill?; 
has ceased to flow, the contents of the receptacles are united and boiled over a fire 
for the purpose of finishing the partial coagulation. The warm, soft mass is then 
worked vdth cold water until a considerable amount of the liquid is mechanically 
enclosed. To further increase the weight, chopped bark, stones, etc., are added, 
and the whole mass worked into the required shape with most of the dirt on the 
inside. 

The gutta percha gathered in this way well repays the amount of work ex- 
pended. The two vital defects of the method are : — (1) The method is very 
wasteful, the yield from each tree being a small proportion to the total amount. 
What this per cent, is has been investigated by scientists with the result that the 
figures differ widely. Remembering that the gutta percha milk is contained in 
capillary ducts and tubes, it will be seen that a considerable amount cannot flow 
out on account of capillary attraction, no matter how much cutting is done. It very 
seldom happens also that a tree falls in such a way that all its trunk is exposed so 
as to admit of ringing on all sides. As a general thing, from one-third to one-half 
of it is inaccessible to the process of ringing, and all the milk within this portion is 
consequently lost. Even the larger limbs are not deemed worth ringing, and con- 
sequently all the milk in them and in the leaves also goes to waste ; to this must 
be added the considerable quantity spilled on the ground through carelessness and 
lack of enough receptacles for every cut or bruise from which the milk flows. 
The method employed to find what percentage of gutta percha has been removed 
from a tree by the native collectors, was to determine the per cent, of gutta percha 
remaining in a given area of the bark, multiplying this by the total bark area of 
the tree, and adding 15 per cent, of this amount for that contained in the bark 
of the branches and in the leaves. 

Marlceting . — Having been collected and put in marketable shape, the gutta 
percha is carried in baskets on the backs of the collectors to the nearest waterway, 
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and thence by boat to the moat Accessible town, where, applying the description to 
the. Philippines, it is exchanged for barter to some Moro, Chinese, or Filipino 
merchant (commerciante) living there for the purpose of dealing in all kinds of 
native products. From here it is ahii:)ped to one of the ports doing an export trade 
with Borneo and Singapore. The entire gutta percha trade is practically in the 
hands of the Chinese in the latter city, and they guard the secrets of boiling, work- 
ing over, mixing, adulterating, and colouring the gutta percha for European 
markets most zealously. All who have tried to investigate their methods agree 
that there is no connection between the various grades and the different tree species, 
and that pure gutta percha from the species Palaquium gutta, is no longer found 
on the market uiimixed with inferior grades. 

Strangely enough, Sherman was unable to find in Singapore any statistics 
regarding the importation of Philippine gutta percha. The Chinese dealers denied 
receiving any, and beyond a few piculs noted in the annual report statistics no 
mention of it was found anywhere. . He afterwards ascertained that the gutta 
jiercha first goes to Sandakan and Labuan, in British North Borneo, and is there 
transhipped to Singapore, entering as North Borneo gutta percha. 

Unfortunately the amount collected for exportation cannot be given with any 
degree of accuracy, as the export statistics include gutta percha with all other 
gums. It is known, however, that the amount reaches into "tens of thousands of 
pounds. 

Balata. — Finally, Balata is obtained by condensation of the milky juice, but 
in order to extract it from the tree it is not sufficient, as in the case of indiarubber, 
to make a few’ incisions in the bark. The liquid is thicker, and coagulates so 
soon that the incisions would become obstructed in a very short time.^ In the 
beginning, collectors felled the trees at their feet (close to the ground) and then 
raised them afterwards on to supports, so as to allow the vessels to be placed 
underneath for collecting the milk as it ran from deep cuts barely a foot apart. 
In this way each incision gradually allowed the milk to exude, and thus be 
collected. By this barbarous method a tree of average height yielded 3 to 6 
kilos, of - balata (6| to 13 lb.). At the present time, •portahh are 

used in which the bark is submitted to great pressure. A press yields 9 to 13 
litres of juice hourly, which produces 2 to 3 kilos, (say to lb.) 
of dry balata. There are large trees encountered towards Maturin which yield 
by this process several quintaux of balata. This destructive system is pursued 
at the present time, and with great profits. It wdll very soon destroy, if continued, 
all the balata trees of Maturin, where they are, however, very numerous. The 
Purvio is met with in British Guiana, and is wrought in a more sensible way, 
from the point of view of the preservation of the producing tree. Borne longitu- 
dinal incisions are made on the trunk, between whicli the bark is removed, but 
leaving from point to point fibres of this bark, which serve as points of support 
to the new bark, gradually covering that which w’as torn off. The best process 
consists in removing, and allowing to remain, rectangles of bark of equal surface. 
The bark is afterwards pressed. A tree of average size gives by this method of 
collecting about 2 lb. of balata, but the process may be repeated indefinitely by 
removing annually the x^ortions of the bark which were not touclied the j>receding 
year. The quantity of milk is greater during the rainy seasoii ; the coagulation 
is also slower at that time. The native collectors say the extraction gives a 
better yield during the waxing of the moon, an observation or x:)rejudice which 
guides many European harvests. The milk of the Puruio is reddish, with an 
astringent taste. It is collected in wooden vessels. Iron vessels impart a 
blackish colour, which diminishes the commercial value of the dry product. The 
balata millc is sold as it is, fetching about one dollar per gallon, or it is evaporated 

^According to Obach, it was formorly the custom in Jamaica to fell the trees and ring 
the bark as in the case of true gutta trees ; but this method has been abandoned, and the 
trunk simply tapped, which is quite practicable, as the balata milk is much more liqiiid than 
that of the gutta percha tree. In Surinam the trees are likewise tapped. — Tii. 
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' to obtain the pinkish or greyish coloured solid balata. A gallon of milk yields 
about 4 lb. of dry balata. A bleeder of average skill obtains about 4 gallons and 
a half, and a very successful one as much as 10 gallons per day thus, realising 
,over 3 oz. (Obach). Each gutta percha tree thus yields absolutely different 
qualities and quantities, according to species, age, and geographical and climato- 
logical situation. This exj)lains the apparent contradictions in the writings of 
SeiTulaz, Burck, and Brasse, etc. In any case, the question of the dearth of 
gutta percha is a vital one, which incessantly and acutely occupies public attention, 
not only in the industrial but also in the administrative world. 

Th& toluene extraction of leaves^ etc, — ^Erom this point of view, a research of 
M. Jungfleisch, Professor au Conservatoire National des Arts-et-Mdtiers, published 
in the Bulletin de la Bociiti * (October 1892, p. 709) is of his- 

torical interest. The memoir commences by making allusion to the communication 
made by Dr. Serrulaz to the same Society, in its session of the 8th April 1892, 
in giving an account of the expeditions with which he was entrusted, in Malasia, 
to seek the plant capable of yielding the best gutta percha. Serrulaz there, for 
the first time, said a few words regarding a new method of extracting that 
substance — a method in which he took pleasure in ascribing to Professor Jung- 
fleisch, although he had himself taken an important part in it. Jungfleisch 
had for a long time studied the proximate principles of which the mixture , called 
gutta percha is constituted. With the assistance of one of his students, M. 
Damoiseau, he obtained them all in a crystalline state, Le, under a form which 
would hardly foretell the so highly accentuated plasticity of the mixture. How- 
ever, the irregular composition of the commercial raw material, certain differences 
found between the properties of the principles obtained from different guttas, 
the dread of not being able to reproduce with certainty with a second gutta the 
results obtained from the first, had adjourned the publication of the common 
results. The desire of pursuing these researches upon a product of certain origin 
had necessarily drawn the attention of M. Jungfleisch to the results obtained by 
the French expeditions, which were then at work to throw light on the question 
of the origin of gutta percha, and in particular on the questions dealt with by 
the expeditions of Seligmann Lui and Serrulaz. Seligmann explained to him 
all the difficulties in procuring, even in small quantity, a gutta of perfectly 
authentic origin from a well-defined plant. He was thus glad to get from 
Serrulaz the information collected by him during his first expeditions. Jung- 
fleisch had hopes of resuming his researches on a sample of gutta percha of 
certain origin, and so bring his contingent of light to bear on so obscure a 
question naturally, but rendered more so by those interested. Information 
as to gutta plants was quite vague and contradictory. In any case the Malay 
method of working was essentially a method of laying waste, and was to cause 
the forests to disappear in the near future, and along therewith the raw material 
indispensable to the electric industry. The Malays can only work upon trees 
of twenty-eight to thirty years old, or upon shoots of fourteen to fifteen years, 
and the felling of a thirty-year-old tree only furnishes them with but 2G5 grammes 
(say 9J oz.) of raw gutta, often charged with nearly half its weight of foreign 
matter of no use, and often injurious for manufacturing purposes. Operating 
with more care and patience than the Malays, Serrulaz was only able to extract 
from a thirty-year-old tree 220 grammes (say 8 oz.) of purer gutta, it is 
true, and he has seen a tree of 1*20 metre (say 4 feet) in diameter o]3erated on 
which only gave 328 grammes (say 11 J oz.) of raw product. 

Such primitive and poorly productive processes are peculiarly astonishing when 
viewed alongside the enormous consumption. In 1884, for example, M. N. P. 
Trevenen, after summing up the quantities of good and bad gutta percha exported 
from the Malay ports, got a total of 52,067 piculs (say 3,144,147 metric tons), 
which, according to the preceding data, would correspond with the destruction 
of more than 12,000,000 of thirty-year-old guttiferous trees. All these trees do 
not yield prime quality gutta percha, and the Malays add to the substance 
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collected vegetable and. even mineral matter of the most different kinds. Whilst 
the Chinese intermediary, under the. pretext of imparting a commercial shape 
to the substance, works the product with so much skill as to singularly increase 
the weight. Again, the European merchant -purifies the goods by reboiling them, 
a process which results in a fresh multiplication of cakes. But, granting with 
Jungfleisch the coefficient of growth which these operations bring about, yet 
the consumption of trees is still enormous, and so much out of proportion that 
the precious plant is bound to disappear rapidly. 

The production thus tends to diminish whilst tlw demand increases daily, 
and on every hand the great European States are driven to safeguard such an 
important interest by seeking a remedy for the evil in acclimatisation. The 
possible results of forest culture experiments of this kind undertaken 20,000 
kilometres from Europe, on a necessarily gigantic scale if they are to be sufficient, 
have already been discussed, and the cause of the jDoor results obtained up to 
now is well understood. 

Discovery of gutta percha in the leaves of the tree, — These difficulties led 
Jungfleisch to doubt the efficacy of the method, and to try if the question could 
not be regarded from another point of view. The examination by M. Serruiaz 
of small samples in 1888 demonstrated the presence of gutta in all parts of the 
plant. The organs other than the trunk contained gutta in quantities which 
was thought to be very superior to that which the trunk itself ’ yielded in such 
minimum quantities to the Malays. May not the coagiilable matter of the 
latex accumulate in some organ of the plant where it would be possible to seek 
it by more delicate methods than those of the Malays h If perchance these organs 
were those which may be separated from the plant without compromising its 
life, the question would have made a great advance. The unpublished researches 
formerly made, in fact, left no room for doubting the possibility of finding 
solvents for extracting the gutta from the organs in question, and to extract 
it alone. Serruiaz, then about to start for Indo-Cliina, undertook to verify 
several of numerous hypotheses included in a programme of experiments performed 
in this line of ideas, and to despatch to France samples collected in determinate 
conditions, so as to permit of the necessary experiments being executed. Omitting 
all preliminary groping in the dark, and suppositions shown to be incorrect, 
the following facts have^been established : — 

The solvents by which gutta percha may be extracted from living cells are 
numerous. Up to now tolueue seems the beat. It dissolves the three principles 
of which the resin is composed, and except a little chlorophyll, does not appreciably 
dissolve the other substances which accompany it. Comparative experiments 
were made — 

(1) On air-dried leaves, i.e, which had dried by exposure to oxidation by the 
air i (2) on fresh leaves brought home in antiseptic water, then dried on arrival : 
(3) on dried buds stripped of leaves ; (4) on two-year-old wood, dried and stripped 
of leaves. Contrary to expectation, each of tliese parts of the plant yielded gutta 
in almost constant but always considerable quantities. This first result enabled 
a favourable issue to be predicted. He immediately fixed his attention on the 
part of the plant which could be most advantageously treated. By detaching 
the leaves which the plant constantly renews, and which it would not itseli 
be slow^ in eliminating, the injury to the development of the plant is reduced 
to a minimum. The method of extraction, moreover, is very simple. The 
pulverised substance is exhausted by digestion at 100“ C. (212° F,), and finally, 
by displacement with a solvent, e.g. toluene, a solution of gutta percha is obtained, 
coloured green by a little chlorophyll The direct evaporation of the solveni 
not being practicable without injuring the product, it is distilled off in a curreni 
of low-pressure steam, i.e, at 100° 0. (212° F.) at the maximum. One volume 
of water vaporised in this way carries over four volumes of toluene. The gutte 
percha remains. The whole of the toluene is expelled by prolonging the actiot 
of steam on the agitated mass kept at 100° C. (212° F.), The yields were abov( 
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all expectations, and oscillated between 9 and 10 J per cent., according to the 
parts of tbe plant treated, as shown in the following Table : — 

Table XCII. — Percentage of Gutta Percha extracted from the Various 
Organs of the Tree by Toluene. (Jungfleisch). 


Quantity in 
Grammes. 

Organ of Plant. 

Gutta Percha 
extracted in 
Grammes. 

Fercentage of 
Gutta Percha 
extracted. 

2000 

Old wood. 

200 

10 

2000 


183 

9-16 

1000 

Dry buds. 

1 102 

10*20 

2000 


' 211 

10*60 

2000 

Dry leaves. 

204 

10*02 

500 

Incompletely dried leaves. 

I 463 

9*06 

200 

Leaves received in water. 

21 

10*05 

200 


18 

9 


But might not these high yields he due to admixture of the gutta with some 
vegetable principle extracted by the solvent? The greenish appearance of the 
product would appear to give force to this objection, Malay gutta percha being red. 
In reality, gutta percha, almost naturally colourless, is coloured, in the first 
case, by traces of chlorophyll, which may be removed by appropriate solvents, and, 
in the second, by the ddbris of bark and by peculiar vegetable principles, from 
which the substance, extracted by solvents, is altogether free. The cajjital point is, 
that all competent persons, merchants or manufacturers, who have examined the 
gutta percha yielded by the new process, haye been unanimous in recognising it as 
quite superior, and to liken it to the best sorts which commerce no longer supplies 
'to industry, to those of which the electrical trade regret more and more the 
increasing rarity. It is evident that more important quantities should be made, 
so that the research be followed under conditions adapted to decide upon certain 
particular points. But the use of solvents will lend itself, if used judiciously, not 
only to the extraction of gutta percha, but also to its industrial treatment, and 
even to its purification. M. Jungfieisch placed before the members of the Society a 
series of samples obtained by the solvent process. Contrary to what might have 
been feared from the extreme tendency to oxidation of gutta carbide, the leaves, 
although they came largely exposed to the action of renewed air, jdelded a product 
of very good quality. We can therefore now imagine an exploitation of the 
Isonandra which survive in Malasia, based on the harvesting of the leaves, on the 
importation into Europe of dried leaves, and their treatment with solvents. The 
very special character of these leaves would protect manufacturers from any 
adulteration, and would ensure to them the production of an excellent quality 
gutta. Moreover, if it were a question of jproducing leaves or thin branches, the 
proximity of the harvest would encourage the cultivators of the extreme East to 
sacrifices the remuneration for which would not be delayed. Under those condi- 
tions, it is justifiable to hope much more from private initiative than from the 
perseverance and foresight, in reality very great, which were demanded of European 
States. In the meantime we may hope to see the actual method of exploitation 
more or less quickly stopped. The Malays will sell leaves as easy to collect as 
the gutta is difiicult to extract. Thus a thirty-year-old tree, like those taken 
as examples, bears, according to observations made by M. Serrulaz, from 25 
to 30 kilos, (say 55 to 66 lb.) of gree^i leaves, say about 11 kilos, (say 
24 lb.) of dry leaves, which would yield by the new method 1000 to 1100 
grammes (say 2|- to 2J lb.) of gutta, whilst the fallen tree would yield at the 
most 365 grammes (say 13 oz.). Moreover, in the Malay method there is left 
with the leaves and small branches, on the soil of the forest, a quantity of gutta 
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equal to several times that collected from the trunk. The Malays will understand 
soon enough, without douht, that the collection of the leaves practised in several 
seasons of the year ought to bring them in much more than the felling — always 
laborious work — of large-sized trees. To continue the same example, it wiU suifice 
for a thirty-year-old tree to give them each year Y kilos, (say 15^ lb.) of 
fresh leaves, which appears little, to bring them in as much continuously as its 
wholesale destruction will do once. Trees of aU ages and all sizes, now of no 
immediate use, would, moreover, be capable of proitable exploitation. The com- 
plete transformation of the actual method of obtaining gutta percha seems therefore 
capable of shortly ensuring the supply of this interesting substance to European 
industry. It leads us to hope, moreover, that the future will be provided for by 
the private initiative of planters — an initiative. to which we seem justified in- 
promising very quick returns. 

of solvent processes for extracting gntta from leaves — 1. Bigole's 
3^ocess (British Patent, 4262 ; 3rd March 1892. — ^This apparatus resembles 
Dreschehs form of Payen’s percolator. Pounded leaves are put into an upper vessel 
communicating by pipe a with an inferior vessel jB, in which CSg is boiled, by heat 
of a water bath I ) ; the vapours, which pass through a, are condensed in G (the 
top part of A\ and flow back, charged with gutta, into the boiler B. After 
exhaustion of the leaves, steam is passed into A, and the solution in B is distilled 
off into a condenser. The gutta percha remains in the boiler, floating on the 
water condensed from the steam. 2. Serrulaz's toluem process uses a jacketed 
digester, with agitator A ; runs toluene into upper vessel B, heated by external 
steam, and then suddenly discharges hot toluene on leaves by syphon. When 
solvent has done its work it is drawn off into retort, from which it is distilled 
(British Patent, 11,166; 14th June 1892); or the gutta may be precipitated by 
acetone (British Patent, 654; 9th Jan. 1896). 3. In Bamsay^s process toluene as a 
solvent is replaced by rosin oil (British Patent, 17,936; 30th July 1897. Patent 
lapsed ; non-payment of first renewal fee). 4. O&ach takes advantage of solubility 
of gutta in boiling light petroleum to re-precipitate it by cooling below 60® F. His 
plant differs in no essential point from ordinary oil extraction plant. He uses a 
battery of two extractors, and works them alternately (British Patent, 19,046; 
28th Aug. 1896). The density of gutta percha from leaves with *§= 5-19 is 0*9625 
(Obach). Extraction by solvents brings injurious matter in its train and thus 
impairs durability of gutta, especially its resistance to air and light, and seems 
likely to be abandoned in favour of mechanical extraction. 
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CLASSIFICATION OF THE DIFFERENT SPECIES OF COMMERCIAL 

GUTTA PERCHA 

It is more especially in tliis section tliat recourse has to be made to the interesting 
work of L. Brasse. Understanding how difficult it is in the present state of our 
knowledge to proceed in a really scientific manner, persuaded moreover that the 
superannuated terms of Macassar^ Singapore, Java, Sumatra, and Borneo gutta 
convey absolutely nothing to the mind, and that they are more apt to lead 
astray than to enlighten the opinion of any one who wishes to get an idea of the 
value of a gutta percha from these denominations, Brasse takes each of the species 
and studies its probable origin, the form under which it comes on the international 
markets, examines its appearance, the section, the nature and amount of foreign 
matter which it contains, its industrial properties, such as its sensitiveness, its 
hardness, its greater or less facility of cooling, the quality of the thread obtained. 
Again, he determines the ratio of the gutta to the resin in each species examined, 
and finally its specific resistance in megohms-centimetres. The percentage of 
impurities refers in his work to the industrial washing. 

Ratio of gutta to resin, — He determined the ratio of the gutta percha to the 
resins in the following way : — Taking about 5 grammes which had been industrially 
washed, he dissolved them in benzine on the water bath, so as to get a solution of 
200 c.c. He drew off 50 c.c. after filtration, and poured them in drop by drop into 100 
c.c. of boiling absolute alcohol. The pure gutta is precipitated, whilst the resinous 
substances {albane and fliiavile) remain in solution. He filters through tared 
filters, washes with absolute alcohol, and' dries at llO” 0. (230® F.) in a current of 
dry carbonic acid, and he thus obtains the weight of pure gutta. Another 50 c.c. of 
the liquid is evaporated and dried at 110® C. (230® F.) in a current of dry carbonic 
acid, and the difference between the two weighings gives the weight of the resinous 
substances. The specific resistatice is calculated from a resistance test made on a wire 
insulated with the gutta percha to be tested. This work done on the whole series 
of known varieties is a model of its kind ; and if it be here condensed into one Table 
it is not in order to assume the paternity, but rather to facilitate for the reader 
the rapid understanding of the work, and to enable him by simple inspection of the 
Table to make any comparative researches which may be necessary. Brasse had 
no intention of giving an idea of the constitution of the gutta percha market. 
Many sortings of the commercial varieties were necessary before he could reunite 
these types. The information as to the origin was furnished to him by importers 
wed versed in gutta percha, and by Singapore merchants. All types which, though 
constituting a homogeneous whole, yet in virtue of all their physical and chemical 
characters, have given rise to divergences of appreciation by exports, have been 
eliminated. So also certain well-known species, but which, by the want of con- 
stancy in their results, appeared to be species liable to variation rather than well- 
defined types, have been rejected. Only one of these determinations, so as to well 
show in it this very elastic character, has been included. These are the two sorts, 
Sarapong or Sowni, Care has been taken not to mention those numerous 
anomalous mixtures daily put on the market, the work of Chinese intermediaries, 
any more than the kinds . called rehoiled^ of altogether inferior quality, which 
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originate most often in tke bottoms of cellars and in the bottoms of the holds of 
ships. It is impossible to buy from an importer a lot of authenticated origin. 
The lots must be bought as they come, Le, as the Singapore or Macassar merchant 
constitutes them. The lots marked by an assemblage of letters, which vary with 
the firms, are made solely according to their mechanical properties. This occasions, 
after each delivery, surprises which are often very disagreeable. Some species 
arrive ordinarily, with a certain specific resistance, and here is a fresh consignment 
under the same mark, possessing a specific resistance ten times greater. It very 
simply happens that one of the kinds generally employed in making up the lot 
happens to be wanting, and has been replaced by another sort which, at first sight, 
seemed to present the same properties. If that be a matter of little importance, so 
far as the ordinary uses to which gutta percha is put are concerned, where cheai> 
ness is more important than durability, it is not so in the case of electric cables, 
especially submarine cables. All those laid have a rather low insulation, and their 
success has been complete, whilst so much cannot be foretold in regard to the 
durability of species showing a high insulation, since we want experience on this 
subject, and the little that we do know does not enable us to hope for anything 
very good. Now, amongst all the species just enumerated in the order of their 
approximative value which they have shown in practice — an order which is about 
that of the specific resistance — ^it will be seen that the Sumatra species do not shine 
in the first rank, and consequently the best species of that isle may not indeed be 
the best species to propagate. If, therefore, we almost know the guttiferous trees 
of Sumatra and the western coast of the Malay Peninsula, yet we are still very 
ignorant of the sources of the eastern coast of Malacca and those of Borneo. Now 
the gutta percha of Sumatra has never been regarded as the best sort, and the 
superiority has always been accorded to the kinds called “ Macassar,” and these 
sorts in reality are only species coming from Banjermassin, Kotaringin, Coti, 
Bolungan, Sandekan. The Isle of Celebes does not belong to the guttiferous zone 
properly speaking, and, so far as known, does not contain guttiferous trees. As 
to the State of Pahang, it only recently put on the market products the quality of 
which surpasses all others, and thus confirms the indications fmmished by Selig- 
mann Lui. Yet it is difficult to admit that the Pahang as well as the Borneo sorts 
are the i^roducts of any Palaquium. 

The gutta perchas of this origin are characterised by immediate thickening of 
the juice, which causes it to be impossible to collect the latter free from fragments 
of bark. All explorers are unanimous on this point. Moreover, the gutta percha 
which comes from these trees is always coloured by the colouring principle of the 
bark, when it is purified by boiling water. Again, the yield of an adult Pala- 
qui%m is always very small. Nevertheless, what do we see'^ Pahang gutta 
percha is yellowish white, and contains very few impurities. That can only imply 
two things : either the flow of the juice is abundant and coagulation is not imme- 
diate, and things go on as in the case of PayeTia LeHi^ the trees of Soupayang and 
Halaban, or that the gutta percha of this kind is indeed very pure, and is not of 
the same species as that of the Palaquium^ since it has assumed no coloration at 
the expense of the bark during i>urification. As we have no information as to the 
yield of the guttiferous trees of Pahang, nor as to the method of exploitation, 
we can only base our reasoning on hypotheses ; but, in regard to the guttas of 
Borneo, we possess further information in the report of Leys, which is in absolute 
contradiction as to the results yielded by a Palaquimi^ both in regard to yield and 
coloration. It is therefore admissible to think that the guttiferous tree of North 
Borneo is not a Palaquiv/ni, Sandalccm. — The gutta of Brndaho/n resembles that 
of Pahcmg ; it is very pure and yellowish white in colour. That of Saratoah is 
much redder, but it is at the same time very mixed with fragments of bark which 
would appear to be added over and above, and there is always found in it white 
veins very free from foreign matter. Pontianah — It is very difficult to give an 
opinion on the provinces of Pontianah; however, trees of the genus Palaquiwni 
have been signalised in this region. Kotaringin and Banjemiamn, — The two 



CLASSIFICATION OF COMMERCIAL GUTTA PERCHA 341 


neighbouring species Kotaringin and Banjerniamn are interesting to compare. 
Kotaringin^ a very fine gutta, is sometimes even cjuite white, whilst the Banjer- 
massin is always heavily charged with bark debris, and always strongly coloured. 
If the presence of fragments of bark were inherent to the method of collection, and, 
as has been described in the case of the Palaq%dwh^ the gutta ought to undergo a 
certain number of manipulations to be freed from it, it would be the Kotaringin 
, which should be the most wrought and the most coloured. Now, absolutely the 
contrary is the case. It is therefore probable that the impurities of Banjermassin 
are added afterwards to mislead resea/rcim aind preserve the monoply of an industry 
which is certainly lucrative. The gutta of Maragulia^ very white and containing 
few impurities, gives rise to two considerations. The gutta perchas of Bagam and 
of Pehm present something' very peculiar which separates them not only from the 
Palaqmvm guttas but from the guttas of which we have just spoken. They 
greatly resemble, in all their properties, the Balata of the Mimusops halata^ and 
we believe that Bagan gutta percha, in particular, may not indeed be the result of 
the coagulation of a juice, but rather of an evaporation such as that practised in 
Guiana, or some analogous operation. 

As to the Bwnmtra kinds, » they are the products of the Palaquivm oUongifolium^ 
more or less mixed with that of the Payena Leri% with Bouhorhalam and other 
trees incompletely studied. The gutta percha of Padang exhibits many of the 
properties described by all explorers as characteristic of the Palatpiivm : 
fragments of bark,, red colour, etc. As regards Soun% it is simply an indeter- 
minate mixture in diverse proportions. 

A very difficult question is the origin of the Bolwngan and Coin kinds. Were 
it not for their specific resistance, we could apply to them the remarks made 
regarding other Borneo species. But here we have a high specific resistance, and 
much higher the more recent the collection of the samples. Nos. 29, 30, and 32 of 
Table XCIII. are kinds collected some ten years ago. All the others are more recent. 
The reason, no doubt, arises from mixtures now made by the natives, because 
species of the Sandakan genus are now awanting and no longer suffice to meet the 
consumption. The greater -specific resistance is probably due to the addition of the 
juice of the Payena LeriL This tree yields a juice with a higher specific resistance, 
as Nos, 35 and 36 of Table XCIII. show; but this juice has at endency to resinifica- 
tion, and the specific resistance is then lowered at the same time that the gutta 
. percha becomes brittle (see Nos. 37 and 38), which explains why they system- 
atically rejected, in the making of cables, the exclusive use of gutta perchas 
of high insulation. A certain amount is indeed required, but the dose strictly 
necessary for the futherance of the work must not be exceeded, unless miscalcula- 
tions occur, which, from being a long time in maturing, are none the less grave on 
that account, as the inconvenience may only supervene when the responsibility of 
the manufacturer has ceased. 

The species from Assahan^ Trenganu, and the white gutta of Pahang, are 
certainly mixtures of the juices of the Payena with the Bouha-halam. In No. 43 
of Table XCIII. an analysis of this latter product is given, which shows that the resin 
present in it is twice the amount of the gutta. All these white gutta perchas have 
a weaker specific resistance than that of Payena gutta percha. Perhaps this may 
be due to the mixture of the Payena with the very resinous gutta Bouha-halam ; but 
it is impossible to verify this assertion, because it is not possible to determine 
the specific resistance of this latter product. 

Summary (Leon Brasse). — 1. All gutta perchas of superior quality have a 
feeble specific resistance, and it is in no way demonstrated that they are the 
products of the Palaquium. 2. The Pahang gutta, product of the Palaquivm 
oblongifolium, is a gutta percha of average quality, and its specific resistance is rather 
high. 3. The Bolungan and Coti gutta used in the past had a feeble resistance. 
Those which come to market now have a higher and higher. It is necessary to use 
them with great prudence. 4. The white guttas each exhibit a high resistance ; they 
can, neither be employed alone nor in large proportion for the manufacture of 
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TABLE XCIII.— TPIE VARIETIES OF 


1 


?! 


; i! 



■■ ! 
'i 


P 1 


i 

fi .i 


K 1 

■! ' 

i 


Variety. 


1 Pahan^f. 


2 id^ 

3 id. 

4 id. 

6 id. 

G id. 

1 Sandakan. 


8 Maragulai. 


9 Bagan. 

10 id. . 

11 B a n j e r - 

massin. 


12 


id. 


Origin of 
the Variety. 

Form of the 
Cakes. 

Coating of the 
Cakes. 

Section of the 
Cakes. 

State of Pa- 
hang. 

East coast of 
Malay Pen- 
insula. 

Generally small, 
the pear - shaped 
lumps weighing not 
more than to 

lb. Flat lumps with 
rectangular base, 
reaching 6<^ Ih. at 
the most. 

Yellowish, rarely 
reddish, more often 
inclining to green. 

Yellowish white, 
very rarely reddish 
yellow. Compact, 
rarely foliated. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

id. 

North-east of 
Borneo. 

Lumps of 4g lb. 
in parallelipipedons 
with flat trapezoid 
bases elongated in 
the shape of boats ; 
sharp angles. 
Moulded gutta. 

Bright yellow 
colour. 


? 

Very flat cakes of 
lT>,r lb- oi' less, or 
in flat spindles or 
squares of to 8| 
lb. 

Greyish white ; 
greyer spots. 

Horny appear- 
ance. 

Probably be- 
tween Ma- 
lacca and 
Singapore. 

Pear-shaped lumps 
of 4^ to 6g lb., 01 
in carrots of 131 tc 
17§ lb. 

Wine colour, 

• soapy touch, hot 
> and cold. 

More or less pro- 
nounced, unequal 
section, many holes 
in the mass coming 
from the imperfect 
juxtaposition of the 
fragments com- 
bined to form the 
cake. 

id. 

id. 

id. 

id. 

South of 
Borneo. 

Sticks 80 centi- 
metres (31^ inches) 
long by 10 to 15 
centimetres (say 4 tc 
6 inches) in diame- 
ter, rounded at the 
extremities ; or 
parallelipipedons of 
50 to 60 centimetres 
(20 to 24 inches), 
with acute angles 
ill the shape of pig 
lead, hearing on 
two opposite faces 
sculpture, repre- 
senting an orna- 
mental monster on 
the one face and 
foliage on the other. 

Spongy appear- 
ance. More or less 
brown and even 
> black. 

Section. 

Salmon-red, 

foliated. 

1 ltd. 

id. 

id. 

id. 


Nature and Amount 
of Impurities. 


A little woody 
matter. 

38 per cent. 


id. 

25 per cent. 
id. 

83 per cent. 

id, 

28 per cent. 
id. 

24 per cent. 

id. 

41 per cent. 


A few fragments 
of bai*k, 

22 per cent. 


No shapeless frag- 
ments of bark dis- 
seminated in the 
mass, but pieces of 
about 1'3 centi- 
metre, all of the 
same shape, quite 
separate, and cer- 
tamly added os 
make-weight. 


Without frag- 
ments of dissemi- 
nated bark, or at 
least very few of 
them. 

29 per cent. 


29 per cent. 


Many fragments of 
bark. 

46 per cent. 


40 per cent. 
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Valuation of the 
Quality. 

Nature of the 
Thread. 

Ratio of the Gutta 
to the Resin. 

Specific Resistance 
in Megohms- 
Centiinetres.^ 

Remarks. 

Good working 
quality ; hal’d ; very 
nervous ; regains 
its pristine hardness 
very quickly on 
cooling. 

Slightly rugose. 

6-20 

62*10 

* ■ 

id. 

id. 

4-60 

16 


id. 

id. 

4-94 

60 


id. 

id. 

3’89 

16 


id. 

id. 

6-75 

6 


id. 

id, 1 

6*26 

28 


As above. 

i 

Thread more 
smooth. 

2*29 

66 

This gutta percha would appear 
to be rolled before moulding. 

Very hard gutta, 
cooling quickly. 

i 

Rugose thread. 

1*27 

43 

« 

Rather hard and 
nervous gutta, cool- 
ing quickly. 

j 

Very smooth thread. 

1*47 

30 

Smell of opium. Gutta difficult 
to clean. 

Much resembles Balata by its 
behaviour on cleaning and on 
drawing out into a thread. 

id. 

« 

id. 

1*42 

17 


Gutta very hard 
and very nervous ; 
cools quickly. 

Rugose thread. 

4-00 

141 


id. 

id. 

2*20 

62 



^ Obaoh^s determinations of the and inductive capacity in microfarads per cubic 

knot of the various brands of commercial guttapercha are given in Tables XI. and XIV., pp. 63 and 66 
of his GmUor Lectures, — Tr. 
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GUTTA PERCHA 


TABLE XCIII.— THE VARIETIES OF 


Consecutive j 
Number of | 
Sample. i 

— i 

Variety. 

Origin of 
the Variety. 

l''orm of the 
Oakes. 

Coating of the 
Oakes. 

Section of the 
Oakes. 

Nature and Amount 
of Impurities. 

13 

Kotaring'in. 

South of 
Borneo. 

Spindles pointed 
at both ends, square 
or flat section from 
to 2-J' lb., and 
square iDarallelipipe- 
dons of 6*2 to lb. 
with slightly attenu- 
ated and rounded 
extremities. 

Colour brighter 
than Banjermassin. 

S a 1 m 0 n - r e d, 
foliated. 

82 per cent. 

14 

id.^ 

id. 

id. 

id. 

id. 

2G per cent. 

15 

Pekan’/ 

State of Pa- 
hang on the 
coast. 

Cakes of 4 to 6 
centimetres (say 
to 2 inches) thick, 
weighing 4g to 11 
lb. 

Deep reddish 
plum - brown with 
a mouldy appear- 
ance. 

Wine red ; very 
homogeneous. 

Few impurities. 

23 per cent. 

16 

id. 

id. 

id. 

id. 

id. 

29 per cent. 

17 

Sarawak. 

North-west of 
Borneo. 

Cakes light in 
weight compared 
with their size when 
dry. 

Spongy cakes ; 
varicose reticulated 
surface, with im- 
bedded bark, brown, 
earthy. 

Reddish white 
section with white 
veins. 

Many fragments 
of hark. 

60 per cent. 

18 

id. 

id. 

id. 

id. 

id. 

45 per cent. 

10 

Pontianack. 

South-west of 
Borneo. 

Blocks of 11 to 22 
lb. 

Very spongy cakes. 
Reddish yellow, 
more grey than 
Sarawak. 

Same section as 
*Sarawak with white 
or grey veins. 

Loaded with im- 
purities. 

44 per cent. 

: 20 

id: 

id. 

id. 

id. 

i 

id. 

\ 

33 per cent. 

21 

Padang. 

West of 
Sumatra. 

Blocks in fonn of 
very much flattened 
square parallelipipe- 
dons of about 5g 
Ib., branded, or 
more bulky cakes 
up to 00 lb. 

Very deep reddish 
yellow. 

Same section as 
the coating; it is 
decidedly foliated. 

Large amount of 
debris. 

40 per cent. 

22 

Sarnpring 
or Souni. 

Bast of 
Smnatra. 

Oval-shaped cakes 
with pointed at- 
tenuated extremi- 
ties of 1,V to 2} lb. 

Surface rugose 
and eartli.y. 

Homogeneous 
yellowish white sec- 
tion. 

Very peculiar. 

30 per cent. 

23 

id. 

• id. ! 

M. 

id. 

id. 

27 per cent. 

24 

Siak. 

East of 
Sumatra. 

Sticks of 4| to 0'2 
lb., swollen to- 
wards the middle. ^ 

Reddish yellow. 

Brighter tint on 
cutting ; foliated 
appearance. 

rioavil 3 ' loaded 
with bark. 

60 per cent, 
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RAW OOMMEROIAL GUTTA VmQKK—mitimied, 


t 


Valuation of the 
Quality. 

Nature of the 
Thread. 

Ratio of the Gutta 
to the Resin. 

Spe(3ific Resistance 
in Megohms- 
Centinietres.i 

Reinarks. 

Slightly less ner- 
vous than Banjer- 
massiii. 

Rugose thread. 

4-82 

26 


id. 

id. 

4-89 

11 


Slightly hard, ner- 
vous ; cools diffi- 
cultly. 

Smooth thread. 

1-03 

90 

• 

id. 

id. 

1'42 

17 


Very nervous ; 
cools well ; very 
good quality. 

Rugose thread. 

3*23 

05 

- 

id. 

id. 

2-S5 

128 

. 

Very good gutta. 

Rugose thread. 

3*57 

141 


id. 

id. 

3*02 

171 

.. 

■ Hard and ner- 
vous ; cools well. 

Nervous thread. 

2 "24 

457 

Owing to its high insulation, it is 
not possible to use the pure article 
for telegraphic purposes. 

Inferior quality ; 
rather hard, but 
little nervous ; cools 
well. . 

Thread very 
smooth. 

1*49 

137 

Under the name of Souni are in- 
cluded a number of mixtures 
made by the natives of Sumatra. 
These mixtures contain various 
proportions of red and white 
gutta. 

Here is a formula which *Selig- 
mann Lui saw made up with his 
own eyes : 

Gutta Derrian {Dichopsi^ 
ohlongifolia) . , .2 

Gutta Sundeck (Payena 

LeHi) .... 3 
Gutta Pouteh {Bmiha-halam) 1 

No. 22 is the type of a good 
mixture for telegraph cables. 

id. 

id. 

1*42 

092 


Bather hard ; little 
nerve; cools quite i 
well. 

Thread very 
sraooth. 

1 

1*05 

900 

This is a gutta of the Souni kind. 
The type examined is a very bad 
one of the kind. 


^ See note, p. 343.— Tii. 
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GUTTA PERCHA 


TABLE XCIII.— THE VAEIETIES OF 


® £3u 

ill 

Variety. 

Origin of 
the Variety. 

Form of the 
Cakes. 

Coating of the 
Oakes. 

Section of the 
Oakes. 

Nature and Amount 
of Impurities. 








25 

2G 

Bolungan. 

99 

East of 

Borneo. 

Cakes of invari- 
able size, in form 
of lumps terminated 
by an millet. Made 
by folding the thin 
part of the mass oii 
the body of the 
latter, several con- 
volutions being 
made. 

Small cakes of 4g 
to 11 lb., the best 
in lai^e cakes 
weighing as much 
as 60 lb. 

Blackish, almost 
fuliginous, knotty, 
like badly trimmed 
sticks or batons. 

II 

White or violet 
coloured, allowing 
a juice to exude 
which solidifies 

immediately in con- 
tact with the air. 

Foliated. 

II 

Very peculiar, but 
adulterated with 
bulky pieces of bark 
from 5 to 20 
grammes to | 

of an ounce), some- 
times 60 grammes 
(say 1§ ounce), all 
of the same shape 
and nature, and 
coming probably 
from the producing 
tree; they are au 
too similar not to 
belong to the same 
species, and as they 
are never absent 
theycertainly belong 
to a species which is 
met everywhere in 
the neighbourhood 
of the gutta tree, 
and most likely to 
the latter itself. 

80 per cent. 

30 per cent 

27 

it 


it 

>1 

11 

46 per cent. 

28 

it 

If 

it 

»> 

>1 

45 per cent 

20 

If 

If 

It 

II 

II 

27 per cent 

30 

Coti. 

East of 

Borneo. 

Cakes all of the 
same size, consist 
of sticks of 80 centi- 
metres (31i inches) 
long by 16 centi- 
metres (say 6 inches) 

Reticulated 
appearance. The 
meshes of the net- 
work filled by frag- 
ments of wood of 
a viscous yellowish 
or reddish yellow 
colour. 

Decidedly foli- 
ated, yellowish or 
greyish white. Like 
Bolungan, allows a 
liquid to exude. 

But little bark. 

30 per cent. 




in diameter, made 
by rolling up a thin 
sheet. 

The extremities 
of the roll are held 
in the hand. They 
preserve the form of 
the Ungers which 
have kneaded the 
gutta percha whilst 
still hot. 






Some sticks are 
branded, and then 
are more reddish. 

More reddish on 
cutting. 

More bark debris. 

81 


11 

99 

II 

„ 

26 per cent 

32 

II 

II 

99 

II 

n 

33 per cent. 

83 

II 

II 

99 

II 

99 

33 per cent 

84 

II 

II 

99 

11 

99 

42 per cent 

35 

Ootoman. 


Small cakes in the 
form of a torsade 
(twisted spiral) of 
4? to 6} lb. 

Very smooth sur- 
face. 

Very white, allow- 
ing a viscous exuda- 
tion to escape. 

30 per cent. 

36 

Eeletan. 

North - east 
of Malay 
Peninsula ; 
north of 
Pahang. 

Cakes of to 2g 

lb., in form of balls 
of twine analogous 
to the rubber balls 
of Africa. 

Recent, waxy rose 
appearance. 

Old, white chalky. 


30 per cent 

87 

11 

II 

11 


11 

40 per cent 

38 

- 

” 

fi 



33 per cent. 
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RAW COMMERCIAL GUTTA VmGB.k—rnnMnmd. 


Valuation of tlie 
Quality. 

Nature of the 
Thread. 

Ratio of the Gutta 
to the Resin. 

Specific Resistance 
in Megohms- 
Oentimetres.! 

Remarks. 

Hard, nervous 

gutta ; cools well. 

Rugose thread. 

3-52 

304 

It is the beat gutta amongst 
those of high insulation. 

It is very difficult to work. 



1-20 

310 


II 

If 

2-47 

208 

.. . 

II 

If 

3-39 

780 

•• 

„ 

If 

3-03 

' 30 


Hard, rather 
nervous; gutta cools 
well. 

Thread smooth. 

1-87 

72 

Quality absolutely comparable 
with Bolungan gutta. 

Better quality. 

•• 


•• 

•• 

II 


1*81 

120 


„ 

■ 11 

1*64 

43 



' 11 

1*90 

463 

•• 

II 

„ 

1-20 

829 


Hard gutta, but 
wants nerve. 

Thread very 
smooth. 

1-56 

3046 

Smell of sweat ; old cheese. 

Loss on washing, 30 per cent., of 
which only 2 per^cent. [is solid 
matter. 

Very nervous and 
friable. Not very 
hard on the whole, 
and totally want- 
ing in nerve, and 
does not cool very 
well. 

II 

Thread very 
smooth. 

If 

1 

0-95 

2101 

743 

Two kinds of gutta are included 
under this name. |One has a 
peculiar appearance, which shows 
that it is much as collected ; that 
is the virgin gutta No. 2G.2 The 
other consists of two parts, one 
inferior in the centre, but covered 
on the surface with a better layer. 
This second quality gutta yields 
a product which becomes brittle 
in a short time. 

■ ” 

If 

0-98 

1038 



^ See note, p. 343 , — Te. ® ? 36, — Tu. 
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TABLB XOIII— THE YARIETIES ( 


Consecutive 
Number of 
Sample. 

Vnriotj’. 

Origin of 
the Variety. 

Fonn of the 
Cakes. 

Coating of the 
C.akes. 

Section of the 
Oakes. 

Nature and Amoui 
of Impurities. 

30 

Pahang- 

white. 

State of 

Pahang. 

Large round cakes, 
in balls larger than 
a man's head. 

White chalky. 

Friable. 

40 per cent. 

40 

id. 

id. 

id. 

id. 

id. 

10 per cent. 

41 

Assahan. 

North-east of 
Sumatra. 

Same appearance 
as above. 

id. 

id. 

20 per cent. 

42 

Tringanou. 

North-east of 
the Malay 
Peninsula ; 
on the shore 
of Kelatan. 

id. 

id. 

id. 

31 per cent. 

43 

Bouha- 

balam. 

Malacca. 

Fragments of no 
shape, which must 
be quickly blocked 
for fear of crum- 
bling to powder. 


n 


44 

Gutta 

Pouteh. 

Sumatra. 

.. 




45 

Balata. 

Guiana and 
Venezuela. 

Greyish blocks, or 
reddish plates of 1 
to 2 centimetres in 
thickness, preserv- 
ing the form of the 
boxes in which the 
juice has been dried. 

Width of the rect- 
angular blocks, 0*40 
metre (17.’0 inches). 

Length, 0*80 metre 
(31^- inches). 

Vague appearance 
of dried skins, soapy 
to the touch. 


Very little foreig 
matters; little barl 
Often mixed wit 
lime. 

The natives hav 
for a certain tim 
adulterated th 

juice with watei 
adding lime to brin 
back its consistency 


TABLE XOIV.— ANALYSIS OF VARIOUS BRANDS OF COMMERCIA 


Genuine from Palaquiuin Sp. 





Pahang. 

Bolungan Red. 

Banger Red 





Dr= 

0*0868. ^ 

3*9. 


0*9911. — 

3*4. 

D- 

0*9868. 

4 0. 






R. 



B. 




R. 





A. 

I. 

II. 

III. 

A. 

I. 

II. 

III. 

A. 

I. 

IL 

Ill 

^ ( Gutta .... 

ill Dirt 



57*0 

61*5 

64*7 

52*1 

61*8 

63*5 

48*1 

41*4 

40*7 

46*6 

4r6 

85*1 



13*3 

13*1 

13*8 

14*0 

18*2 

17*5 

21-9 

23*8 

20*0 

18*9 

20*4 

22 ‘i 



11*5 

10*0 

16*1 

14*1 

10*8 

9*0 

12*2 

12*0 

17*4 

13*1 

17*4 

19*i 

D « IWater . . . . 



18*2 

16*4 

15*4 

19*8 

19*2 

20*0 

17*8 

22*8 

21*9 

21*6 

20*7 

22*f 

G. P. (G.-f-R.) 



70*3 

74-6 

68*6 

66*1 

70*0 

71*0 

70*0 

66*2 

60*7 

66*4 

61*9' 

681 

Waste (D. -4- W.) 



20*7 

25*4 

31*6 

83*9 

30*0 

29*0 

30*0 

34*8 

39*3 

84*6 

88*1 

41*^ 

i/waSe) ’ • ‘ * 



2*4 

2*9 

2*2 

2*0 

2*3 

2*4 

2*3 

1*9 

1*5 

1*9 

1*6 

1*4 

3 1 ^*P* 1 

^ iBesin / • • - • 



4*3 

4*7 

4*0 

3*7 

2*8 

3*1 

2*2 

1*7 

2*0 

2*6 

2*0 

1*C 

|| 1,1 Gutta . . . . 



81*1 

82*4 

79*8 

78*9 

74*0 

76*4 

68*7 

03*6 

67*1 

71*1 

67*1 

60*i; 

||||Eesin . . . . 



18*9 

17*6 

20*2 

21*1 

26*0 

24*6 

31*3 

36*6 

32*9 

28*9 

32*9 1 

39*] 

Lots 



03 

26 

13 

16 

37 

io 

6 

6 ^ 

91 1 

28 

27' 

22 

Tons ...... 



233 

54^ 

26^ 

28J 

60 

10 

8 

8^1 

232 1 

35 

80i 

48i 


A= Average of all grades ; T., 11., IIL, different grades. D=density. §•* -ratio of 

K. 
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RAW OOMMEEOIAL GUTTA Vmmk— concluded. . 


Valuation of the 
Quality. 

Nature of the 
Thread. 

Ratio of the Gutta 
to the Besin. 

Specific Besistanoe 
in Megohms* 
Centimetres.! 

Remarks. 

Soft, enoug:h 
nerve; cools well, 
tacky. 

Very smooth 
thread, but difficult 
to work alone, as 
it adheres to the 
rolls. 

»» 

1*16 

1*10 

800 

743 

The surface of the cake is often 
formed by a layer of nervous 
gutta a few centimetres thick. 

The fresh cakes have a smell of 
ripe cheese. 

Quality slightly 
inferior to the pre- 
ceding; more 
tacky ; does not 
cool so well. 

id. 

0*90 

743 

11 

id. 

>> 

1*18 

743 

II 

Soft gutta with- 
out nerve; does! 
not cool at all, i.e. 
even after several 
days of cooling the 
plates of this sub- 
stance are capable 
of sticking together. 
They must be pow- 
dered with talc to 
prevent them from 
uniting to a single 
block. 

Cannot be wrought 
alone, as it is too 
tacky. 

0*62 

■ 1 

Imj^ossible to de- 
termine. 

Producing tree (not described), 
which grows in the marshy dis- 
tricts of the gutta percha coun- 
tries, and which is used to adul- 
terate all sorts a little. 

Very little used in spite of its 
low price, probably because there 
is already sufficient of it in the 
white gutta percha, which is used 
to render the working of the good 
kinds possible. 

Soft gutta; very 
(lervouB ; slightl 
jlastid. 

Cools very slowly. 


1-40 

300 

Forms the transition between 
rubber and gutta percha. 

Heated, it does not soften enough 
30 as to be used for insulating 
wire like gutta percha. 

It is employed in mixtures, to 
which it communicates its slow- 
ness of cooling. 


AW GUTTA PERCHA DURING 1889-96 (Obaoh); 


Sound! from Payena Sp. 

White from Unknown Species. 

Mixed and 
boiled from 
nown Sour 

Be- 

Un- 

ces. 

Bagaii. 

Kotaringin. 

Sarapong. 

Bolungan, 

Mixed. 

Banger. 

Sarawak 

Mixed. 

til'd 

a K 

Banca 

R«boiled. 

1)= 0*9709. 

D= 0*9729. 

D= 0*9767. 

D=l*0093. 

A. 

I. 

II. 

A. 

I. 

II. 

III. 

A. 

I. 

II. 

A. 

I. 

II. 

A. 

A. 

I. 

II. 

III. 

A. 

A. 

A. 

4*1 

44*2 

43*7 

46*1 

48*8 

'46*0 

42*1 

39*5 

40*6 

88*6 

37*9 

40*3 

35*3 

34*6 

26*8 

29*9 

26*1 

22*6 

34*7 

26*5 

33*5 

0*4 

29*7 

32*2 

81*5 

20*9 

!32*3 

38*7 

80*9 

29*6 

82*3 

31*7 

30*7 

33*0 

30*0 

24*6 

26*1 

23*4 

31*1 

26*6 

30*3 

39*1 

0*8 

6*2 

6*8 

8*3 

7*6 

8*0 

9*1 

3*3 

3*1 

3*6 

10*2 

10*1 

10*4 

6*6 

14*8 

12*0 

15*6 

14*7 

15*0 

13*4 

6*6 

9-2 

19*9 

17*3 

14*1 

13*7 

14*1 

16*1 

26*3 

26*8 

26*6 

20*2 

18*0 

21*3 

29*9 

33*9 

32*1 

34*9 

31*7 

24*7 

20*8 

21*8 

4*5 

73*9 

76*9 

77*6 

78*7 

77*3 

76*8 

70*4 

170*1 

70*8 

69*6 

71*0 

68*8 

64*6 

61*3 

56*0 

49*5 

53*6 

00*3 

56*8 

72*6 

5*6 

26*1 

24*1 

22*4 

21-3 

22*7 

24*2 

29*6 

29*9 

29*2 

30*4 

29*0 

31*7 

86*6 

48*7 

46*0 

60*6 

40*4 

39-7 

43*2 

27*4 

2*9 

2*8 

1 

3*2 

3-6 

3*7 

3-4 

3*1 

2*4 

2*3 

2*4 

2*3 

2*4 

2*2 

1*8 

1*1 

1*2 

1*0 

1*2 

1*6 

1*3 

2*6 

1*6 

1*6 

1*4 

1*6 1 

1*0 

1-4 

1*2 

1*3 

1*4 

1*2 

1*2. 

1*3 

1*1 

1*2 

1*1 

1*2 

1*1 

0*7 

1*4 

0*9 

0*9 

— 


— 




— 

— 

— 




— 


— 

— 




- 



}*2 

69*8 

57*6 

69*4 

62*0 

58*2 

55*5 

50-1 1 

57*9 1 

64*4 

64*6 

66*8 

61*7 

53*6 

62*2 

.f)4*4 

62*7 

42*0 

57*5 

4(5*7 

4(5*1 

)‘S 

40-2 

42*4 

40*0 

88*0 

41*8 

44*5 

43*9 i 

42*1 

46*6 

46 T) 

43*2 

48*3 

46*6 

47*8 

45*0 

47*3 

58*0 

42*J) 

53*3 

53*5) 

(3 

15 

10 

69 

26 

22 

22 

62 

26 

24 

45 

22 

23 

66 

83 

84 

34 

15 

100 

36 

47 

!6 

16J 

m 

71 

32^ 

23^ 

16^ 

101 

87 

42f 

166 

83^ 

73 

227 

250 

(58 

168 

23 

679 

1 190 

138 


:utta percba to resin in separate samples used to determine density. ^ See note, p. 343. — ^Tn.. 
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GUTTA PERCHA 


cables. 5. Finally, one cannot believe that it was the i3roduct of a Palaquimn 
wHcb was used by itself alone as the dielectric of the submarine cables laid in the 
beginning. Its specific resistance is always about 400 lOg megohms, and we do 
not know of a cable, in Great Britain at least, the specific resistance of which exceeds 
120 10® megohms. 6. The best quality of gutta percha is that of Pahang, 
Sarawak, and Sandakan. 


Table XCV. — Analysis of Getah Taban Merah and Getah Soondib from 
VARIOUS Sources (Obach). 


Description. 

Percentage 

Composition. 

Totals. 

Ratios. 

Percentage 

Composition 

Qualit 

Type. 

Name and Source. 

Gutta 

Resin 

Dirt 

Water 

G.P. 

(a. + 11 .) 

Waste 

(d.+w.) 

G.P. 

Gutta 

Gutta 

Resin 

(io) 

6. 

R. 

D. 

w. 

Waste 

Resin 

Q. 

a. 

0. 


1. Gutta Taban 

76*6 

13*6 

2-0 

9-0 

89-0 

11*0 

8*1 

6*0 

84*8 

16*2 

ii> 


(from Selangor) 








Getah 

2. Pahan Taban 

08*8 

10*1 

6-4 

15-7 

78*9 

21*1 

3*7 

0*8 

87*2 

12*8 

!«■ 

Taban 

3. Getah Taban Merah . 
{DidhopsU Cruttft, Benth.) 

66*7 

14*0 

6*2 

13*1 

80*7 

19*3 

4*2 

4*8 

82*0 

17*4 

Ic 

(Merah) 

4. Pahang A. . 

66*2 

11*6 

13*2 

9-0 

77*8 

22*2 

3*6 

6*7 

85*1 

14*9' 

11* 









Mean 

84*9 

16*1 

11* 

Getah 

5. Gutta Mantah . 

(from Borneo) 

6. Gutta Sundek . 

50*8 

38*9 

9*3 

i‘b 

89*7 

10*3 

8*7 

1*3 

56*0 

43*4 

4a 

4G*4 

34*7 

2*6 

10*3 

81*1 

18*9 

4*3 

1*3 

57*2 

42*8 

4a 

Soondie 

(Payena Lerii) 








7. Getah Sundek . 

(Payena mee.) 

8. Goolie Soondie . 

43*0 

32*6 

5*1 

19*3 

76*6 

24*4 

3*1 

1*8 

66*9 

43*1 

4a 



51*6 

38*3 

2*8 

7*4 

89*8 

10*2 

8*8 

1*3 

57*4 

42*0 

4a- 


(from Bagan) 

















Mean 

57*0 

43*0 

4a 


Farti\iulap of above sdmpUs.--l. Colonial and Indian Exhibition, 1886, Straits Settlements, 
very light pinkish, not dense, yielded light pinkish brown gutta ; hard dark brown resin. 
2. Singapore market, 1890, very light, clean, not dense, yielded very light brown strong gutta, 
and nearly hard light bm^vn resin. 3. H. N. Ridley, Esq,. F.L.S., Singapore, 1892, light pinkish, 
brown, clean, dense, yielded light pinkish, very strong gutta, and hard reddish brown trans- 
lucent resin. 4. Homogeneous piece picked out from large lot 1897, yielded pink, dense, little 
fine bark gutta, and hard, very dark-brown resin. 6. James Collins, Esq., 1880, Kew Gardens 
very ligM, crumbling, clean, yielded very light brownish gutta, and hard yellowish brown resin! 
6. Sir Hugh Low, Perak, 1885, Kew Gardens, very light, dense, clean, yielded nearly colour- 
less gutta, and very soft light brown resin. 7. H. H. Ridley, Esq., Singapore, very light, 
dense, clean, yielded nearly white, very strong gutta, and very soft light brown rSin. 
S* Homogeneous piece picked out from large lot 1897, very light, dense, clean, yielded verv 
light brown, very strong gutta, and soft light yellow resin. 


Table XCVI.— Analyses of Singapore Gutta Perchas by Van Rombueg 

AND Tromp de Haas. 



Dirt. 

Water, 

Resins. 

Gutta. 

Price - 
per picul. 

Bila of red Soondi 

Sarawak Soondi No. 2 . . . . 

Penang Gutta Palelo No. 1 

Sarawak red Soondi No. 1 

Bagan white Soondi No, 1 

Koatei Gutah Merah No. 2 

Indragiri white Sodndi .... 
Sambas white Soondie .... 
Koatei Gutah Merah No. 1 

Pahang white Soondie No. 1 . 

33-6 

37*1 

2*1 

19*0 

0*7 

21*7 

2*0 

1-0 

14*8 

4*2 

7*0 

6*8 

6*8 

3*9 

1 8*6 

5*1 

4*1 

4*4 

3*8 

0*6 

31*4 

25*5 

63*8 

35*6 

36-6 

28*5 

46*2 

53*6 

34*8 

12*8 

28*0 
29*6 
38*3 
. 41*6 
64*2 
44*7 
47*7 
41*0 
46*6 
82*5 

1 

150 

135 

180 

350 

350 

360 

370 

380 

600 

600 




CHAPTEE V 

PHYSICAL AND CHEMICAL PEOPERTIES OF GUTTA PEECHA 

From the previous details tlie reader will readily appreciate how difficult is the 
examination of the physical and chemical properties of a substance so variable in 
composition, and the properties of which differ infinitely from one species to 
another. How can a substance of which not even the real botanical origin, which, , 
most generally, is only a simple mixture of several products of different origin and 
different properties, be determined with any scientific certitude. 

Still more than in the case of indiarubber, we regret that researches up to now 
have only been on goods imported into Europe, and that the latex of the JSapotacew 
and the guttapercha derived therefromhave not been examined ina methodical manner 
on the spot of production. In default of such data, it would have been desirable 
to examine the properties of a gutta percha taken from the wrapping of a cable, 
the good qualities of which had been tested for a length of time. This resource 
also failed us, as it failed our predecessors. ^ Dr. Miller in 1860 was indeed able 
to study the chemical composition of the gutta percha used in the construction of 
a cable, but this cable was of recent construction, and its qualities had not been 
consecrated by time. We therefore condense the observations made and the 
results obtained, not upon a natural product of certain origin, but on a simple 
commercial type, even though this type be often described as pure Isonandra gutta. 

Colour^ etc , — The latex is coloured by a certain amount of colouring 

matter which exudes from the bark when incised, and this colour is embodied in' 
the resultant gutta percha. Certain species impart a characteristic colour to their 
product, so the Chinese boil low grades with bark of best species to get the 
desired colour. Pure gutta percha is colourless; translucid when thin. But 
a cut slice, of a millimetre thick, laid on a white surface shows a special 
coloration varying between rose and greyish white. Under the polariscope, it 
presents a magnificent appearance, appearing to consist of prisms which sink into 
each other, and so give rise to the most varied hues. It is inodorous and insipid, 
and it is only under the action of certain transforming and decomposing agents 
that it assumes an acrid characteristic smell. Structure . — ^It possesses naturally 
a cellular structure, but when strongly pulled it is drawn out and its texture 
becomes .fibrous, and in this condition it is much more resistant. If its length be 
doubled, by a strong pull it supports without breaking the action of a force double 
that which has been required to stretch it. But it does not exhibit resistance in 
every direction, like indiarubber, and it is easily torn under the action of a 
transversal force. 

This cellular structure, capable of modification and of passing to the fibrous 
state, is not equally developed in all kinds of gutta perchas, and in general the 
more easily a gutta percha passes from one condition to another, the more it 
possesses the requisite qualities, and the more it is separated from those bastard 
species known under the name of gutta-caoutchoucs. But exaggeration of this 
structure leads to too brittle gutta perchas, which cannot be used alone in cable- 
making. Gutta percha does not amalgamate or join with itself at the ordinary 
temperature. If, however, two surfaces be heated, placed in contact, and 
^ The necessary data have since been supplied by Obach, Table OIL, p. 361 . — Tb. 
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simultaneously pressed rather energetically, the parts in contact join and form a 
single piece, -which is quite incapable of reverting to its first position. But in 
this operation care must be taken not to use too great a heat, because when the 
gutta reaches its melting-point it remains pitchy after cooling, and is no longer 
endowed with its natural properties. 

Tensile strength . — ^At the ordinary temperature gutta percha is solid, pliant, 
very tenacious, but slightly elastic. It does not break until submitted to a load 
of 24*5 kilos, per square millimetre, whilst elongating, according to the 
species, 50 to 60 per cent. It may be folded, tied, and drawn without incon- 
venience, but it is easily cut by a point or by a cutting instrument. Its elasticity 
in that condition is that of softened leather. 


Table XCVII. — Tenacity oe Gutta Peecha, Cohesive Peopeeties op Gutta 
f|4i^PEECHA Tubes of Diefeeent Dimensions, and Tensile Steength op 
Gutta Peecha (Storee and Stoddee, 1856). 


Length of the Tubes 
ill Metres. 

Interior. 
Diameter 
in Metres. 

Exterior 
Diameter 
in Metres. 

Pressure per Square Centimetre. 

Supported 

in 

Kilogrammes. 

Occasioned 

Rupture 

Kilogrammes. 

30-4779 


0*0254 

0*0301 

7-02770. 




... 


18*69368 

19*11534 



... 

0*0302 

21*08310 

22*48864 

Samples varying in 


0*0255 

0*0285 

19*67756 

21*36421 

length from 0*0254 


0*0160 

0*0262 

22*48864 

25*29972 

metre to 0*0762. 


0*0127 

0*0160 

16*44482 

.16*86648 



0*0127 

0*0160 

25*29972 

and ruptured 



0*0063 

0*0160 

60*59944 

53*41052 


The tensile strength of gutta percha is the chief mechanical property of 
interest to the technologist. When gutta percha is subjected to a pulling force it 
becomes more resistant. When a thin strip is pulled it at first stretches easily, 
but after a certain point it becomes so resistant to stretching that it cannot bo 
elongated any further. If a thin rod of gutta percha with a thickened end, 
technically termed a “ gut,” be hung from the bracket at the top of the stand 
and a weight to of 4 lb. applied to it, it stretches at once to a certain point on the 
scale s, but it does not break even if twice that weight be applied, although the gut 
has become considerably thinner than at first. (Fig. 117). If it now be loaded with 
say 21 lb. it stretches further, and then, if the experiment be carefully made, and the 
breaking strain per square inch of original area taken as usual, it would work out 


Table XCVIIL—Elasticity of Gutta Peecha. 



Length of the 
Band in Metres, 

Contraction duo 
to Elasticity in 
Metres. 

Unloaded 

0*66628 


Loaded with 3 kilogrammes . 

0*66987 


,, 2*6 ,, ... 

0*67944 

0*00043 

,, 2*0 ,, ... 

0*66904 

0*00040 

„ 1*5 „ . . . 

0*66850 

0*00046 

n 1*0 ,, ... 

0*66795 

0*00063 

,, 0*5 

0*66768 

0*00037 

>> 0*4 j, 

0*66679 

0*00097 
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between 2000 to 3000 lb. for that particular material ; but if instead of the original 
area the final sectional area at breaking had been taken, the strain wQuld have 
been found to be about 12,000 lb. per square inch. Gutta perchas with different 
percentages of resin have different breaking strains. Their tensile strength depends 
largely on the percentage of resin. A material having about 45 per cent, of 
gutta and 55 per cent, of resin, breaks at about 770 lb. to the square inch. When 
such resin is extracted by petroleum ether from the same material, it would stand 
up to about twice that breaking strain. 

Dr. Sherman (Zoc. cit\ in reporting the 
results of certain tensile tests on various samples 
of gutta, remarks that, in order that the measure-^j 
ments made might be within the limits of the 
instruments at hand, only small strands of gutta] 
percha could be used in testing. To make these 
strands free from minute air-bubbles was well- 
nigh impossible, in consequence of which the 
breaking was in most cases brought about by 
weakness due to this source. The figures, 
while thus only approximate, are below and not 
above the true values, and show, he claims, 
clearly the enormous tensile strength of his 
samples. Obach, continues Dr. Sherman, gives 
a tensile strength of 5000 lb. for the best gutta 
percha, while for the gutta from it he found 
about 6500, which closely corresponds with 
Sherman’s results, and this, he claims, brings 
out most clearly the excellent quality of the 
best Philippine gutta percha 

BlasUcity, etc, — Table XCVIII. gives results 
of careful experiments made by Adriani to de- 
termine the permanent expansion and elasticity 
of gutta percha. Ho likewise determined the 
weight capable of rupturing a gutta percha band 
with a given force. He used a piece of engine 
belt 0*001755 metre in thickness by 0*06 metre 
wide. The extension and contraction were deter- 
mined by means of an ink tracer for drawing 
very fine lines, by which divisions of 0*00001 
metre might be distinguished. The trials were 
made at a temperature of 17° 0. (62*6° F.). 

Observations were taken every ten minutes, so 
that each result tabulated above is an average 
of six observations which together took an hour. 

The elastic elongation for a weight of 3 kilos, 
is therefore equal to 0*00308 metre, the per- 
manent elongation being 0*0005 metre. By 
loading the band more and more, it ruptured 
with 186 kilos. 

The elongation, according to Obach, or the 
extent to which a “ gut ” stretches before it breaks, is also affected by the per- 
centage of resin. In the last two cases cited under “tensile strength” the 
elongation was 460 and 500 per cent, respectively, but it also depends on the 
nature of the gutta percha. 

IlardTiess — Kesistance to pressure^ to a hloio^ or to shearing, — These properties 
are also all influenced by the percentage of resin. 

Permeability , — Gutta percha seems very impermeable, but in thin sheets, as 
obtained by the evaporation of a solution thereof in carbon disulphide, it would 

23 
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appear to be endowed with a peculiar porosity ; under the microscope, the cavities 
by which it is riddled are easily observed. These allow water to penetrate by 
the expansion of the sides of the cavities. The quantities of salt and soft water so 
absorbed by gutta.percha are in the ratio to each other of 3 to 5. For sea water 
the absorbing power of the gutta becomes twice greater when the temperature rises 
from 4“ to 49“ G, (39“*2 to 120“*2 F.). In fresh water the increase is a little more 
rapid. Pressure has no appreciable influence on this property. The water absorbed 
seems to penetrate only to a certain very small depth into the pores of the gutta 
percha. Beyond this limit the weight of water does not increase, no matter how 
tliick the block. The water, interposed mechanically, does not in any way alter 
the dielectric properties so long as it does not exceed 2 to 3 per cent, of the weight 
of the gutta percha. [Obach’s results quite confirm this statement; see Table 
GXXIIL, p. 397.] 

Density . — The density of gutta percha, generally given as varying between 
0*999 (Adriani) and 0*979 (Soubeiran), is in reality greater than that of water, 
This divergence is explained by Payen as due to the different methods of preparation 
of the gutta percha. He strongly compressed a band of softened gutta percha, and 
reduced under water the ribbons obtained in quantity into smaU fragments. The 
majority of these instantly fell to the bottom of the vessel, whilst others floated’ on 
the liquid for some time, to sink after having been sufficiently penetrated by the 
aqueous liquid, Gutta percha is thus only apparently lighter than water because 
of its porosity. This porosity is less the more care taken in purifying it. By 
compressing gutta percha its porosity is diminished and its density is increased. 
Payen’s opinion is confirmed by numerous other scientists, and it is now 
admitted that the density of laminated gutta percha varies between 1*010 
and 1*020. 

Action of heat. — At 37“ 0. (98“*6 F.) gutta commences to soften, and its 
properties are so perceptibly modified that a gutta percha cable, after being made, 
should not, according to Wunschendorff, be submitted to a temperature above 32“ 
to 33“ 0. (89“*6 to 91“*4F). If the temperature rises to -1-50“ C. (122“ F.) the 
change is still more accentuated, and if we can knock it about with impunity or 
hurl it against a wall in this condition, it, on the other hand, becomes very sensitive 
to a slow pressure exerted on its flat surface. It is capable of receiving the most 
fine and delicate impressions, which it afterwards retains. At 90“ 0. (194* F.) it 
becomes adhesive and undergoes a sort of pasty fusion, which enables it to be 
kneaded and moulded at wiU, All imaginable shapes may thus be given to it, and 
these remain permanent when it has regained the normal temperature. This 
characteristic property, likewise possessed — though to a less extent — by other 
plastic substances, is dire to the air interposed in the pores of the substance. 
Masticated gutta percha swells in a vacuum, and its surface tears. If it be very 
dense it does not immediately swell- in the bell of the air-pump, but if it be 
immersed in mineral oil, and a vacuum be afterwards made, it gives rise to an 
abundant and prolonged disengagement of air. Thus prepared, and again exposed 
to the open air, it loses its property of hardening after cooling, and resembles 
strongly greased leather. A.t 100“ 0. (212“ F.) the pasty fusion is completely 
terminated, the substance resinifies in contact with air, absorbing one-quarter of its 
weight of oxygen. At 130“ 0. (266“ F.) it melts; heated further it boils and 
distils, leaving a light block of charcoal as a residue. The colourless oils from this 
distillation consist principally of isoprene and caoutchene. Gutta percha does not 
lose its suppleness at 10 C. below zero (14“ F.), whilst rubber is very sensitive 
to cold. 

DetexTYiination of tenvpevatwre at 'which gutta peTcha hecoTMS plastic, — This 
temperature depends almost entirely on the relative proportion of gutta and resin. 
The apparatus used by Obach consists of a rectangular frame in which three strips 
(Nos. 1, 2, and 3) of gutta percha are each held under the tension of a spring, it being 
.so arranged that an electric contact is established and an alarm sounded as soon as 
one of the strips becomes soft enough to allow the spring to pull it apart. In a 
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certain experiment No. 1 contained 2J, No. 2, 38, and No, 3, 60 per cent, of resin; 
No. 1 being artificially produced. The frame with the strips is immersed in water 
in a large beaker slowly heated on a sand bath. Up to 40“ C. nothing occurs. 
At • 42° 0. the bells sound, and the shutter No. 3 of the indicator drops, 
which shows that No. 3 sample, containing 60 per cent, of resin, has suffici- 
ently softened to yield to the spring. The bell rings a second time at 48° C, 
A rather long time elapses before the bell rings for the third time, before 
No. 1 shutter drops, and the strip No. 1, with 2^ per cent, of resin, softens 
at 66° C. 

DetermiTiMion of temperature at which gutta percJva softens?- — This has only a 
relative value, and depends on the particular method of testing employed. A thin 
plate of the gutta percha to be tested is placed in a large shallow water bath heated 
slowly over a gas burner. A rather long lever is supported at one end by a pivot, 
and carries a 1 lb. weight at the other. Half-way along the under side of the lever 
is fixed a vertical stud of 3 mm. diameter, and under this stud the gutta percha 
is placed from time to time to see whether any permanent impression is made. 
When such occurs, the temperature of the water is recorded as that at which the 
gutta percha begins to soften. 

The action of heat, says Sherman, in softening gutta percha and making 
it plastic, has previously been used as a test of value. It has been found 
that the best grades require a higher temperature to soften them than 
the lower grades, According to the results obtained by him, an inferior 
grade of gutta also possessed the property of softening at a lower tempera- 
ture than superior gutta. The softening point was determined by moulding 
a piece of gutta into the bottom of a glass tube sealed below, placing a 
sharp-pointed glass rod in contact with the surface, and gradually heating in 
a bath of sulphuric acid until the point of the glass rod just began to enter 
the gutta. 

Determination of the temperature at which guttapercha becomes pliable? — A strip 
of the gutta percha to be tested, about 70 mm. long, 25 mm. wide, and 2 mm. 
thick, is held vertically in a tall water bath. The upper end is provided with a clip, 
and to this a thin cord is fixed, which passes over a pulley and carries a half 
ounce weight at the other end. A definite pull being thus exerted on the 
strip, the temperature is observed at which this pull is just sufficient to tear it 
asunder. 

Determination of the time of hardening of gutta percha? — The time taken by 
the gutta percha to become sufficiently rigid to resist the pressure of the stud in the 
apparatus used for 'the softening temperature, but filled with water kept exactly 
at 75° F., the material, which is in the form of a 2 mm. plate, having previously 
been heated to the temperature at which it becomes pliable. The time of 
hardening is greatly influenced by the amount of resin in the gutta percha, and 
the variation with the percentage of resin can be represented by a continuous 
curve. 

Action of atmosplheric agents. — Exposed to air and to light, gutta percha under- 
goes rapid decay, due, to all appearance, to oxidation. It at the same time gives 
off a very acrid smell. This decay is more rapid when the substance is exposed to 
the air at a temperature of 25° to 30° C. (77° to 86° F;) in thin sheets or ribbons, 
and if it be moistened frequently and then left to dry in the sun. Gutta percha 
does not perish instantly in a stream of ozonised air, like indiarubber. It in this 
way becomes brittle, friable dike rosin ; it increases in weight and in solubility in 
alcohol and alkalies; and, finally, it becomes a good conductor of electricity, 
a property which it did not before possess. W. A. Miller and C. Hofimann 
{Annales de Ohimie et de Pharmacie^ 215, 297) attribute this change to oxidation. 
The oxidised portion is insoluble in water and benzine; it only melts at 100° G. 
(212° F.). According to the above writers, all the gutta perchas of commerce 
contain it up to 15 per cent. 


^ Obach, 
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The following is, according to Miller, the composition of this oxidised resin : — 
Table XOIX, — Analysis of Oxidised Poetion op Gutta Peeoha., 



Per Cent. 

Carbon 

7615 

Hydrogen 

11-16 

Oxygen 

12-69 


100-00 


Gutta percha rendered brittle by oxidation in air and light may be reclaimed 
to be used for certain purposes if digested for some time in tepid water, and then 
kneaded again, but it soon cracks and becomes useless for any purpose, fts 
tendency to deteriorate in contact with air and light naturally greatly limits the 
industrial uses of this substance. K. M. Blossom {Moniteur Sdentifique de 
Quesneville, iii. Series, t. ix. p. 240 et seq.) has summarised the works of Clark and 
W. A.’ Miller on the action of air and hght on gutta percha. 32 '3 5 grammes, say 
an ounce, of gutta in a thin sheet were successively submitted during eight months 
to the following conditions : — 

(1) In a flask, open to the air, but protected from water; (2) in a 'flask, open 
to the air,. but kept in the dark; (3) in soft water, in the open air, and exposed to 
light; (4) in soft water, in the open air, but protected from light; (5) in soft 
water, protected from air and light ; (6) in salt water, in the open air, exposed to 
light; (7) in salt water, in the open air, but protected from light; (8) in salt 
water, protected from air and light. Samples (3), (4), (5), (6), (7), (8) underwent 
no^ change except a slight increase in weight, due to absorption of water. After 
being exposed to air for two hours they abandoned the water absorbed, and the 
tenacity and structure of the gutta percha were not altered. No. (1) which had 
been rolled up and run on into an inverted flask, with its mouth open, had absorbed 
5 per cent, of oxygen, and a part of the mass (55 per cent.) was converted into resin. 
The outside layers exposed to light were resinous and brittle, but the interior portions, 
protected from light by the outside folds, were but little altered either in texture or 
appearance. No. (2) had suffered little or no change. It had increased per cent, 
only in weight, and only ceded 7*4 per cent, of resinous matter to alcohol. 

Another sample, only exposed to light for two months, had become brittle, 
had increased 3*6 per cent, in weight, and ceded 21*5 per cent, of resinous matter 
to alcohol, whilst another sample of the same sheet kept in darkness had undergone 
no appreciable modification. It thus follows that it is the oxygen of the air, 
aided by sunlight, which acts on gutta percha so as to profoundly modify its 
proximate constitution. The extent of the decay varies with the gutta percha 
itself. Every step taken to prevent oxidation is therefore a useful preventive 
against the destruction of the gutta percha. Thus Gerard has suggested as a 
preventive the incorporation of 10 to 12 per cent, of wax or tallow. But the 
only process hitherto known as of any use for preventing TesinificO/tion consists 
in placing this substance under water. Practically it is indestructible therein, 
and there is not a single example of a submarine cable the gutta percha of which 
in its submerged part has suffered from the action of oxygen. Certain companies, 
therefore, enclose the subterranean lines, constituting the continuation of the 
submarine cables, especially in . hot countries, in water pipes permanently filled 
with water, by means of reservoirs j)laced on culminating points of the ground. 
In dry conduits, where the cable is in contact with air, the gutta eventually shrinks 
up, becomes friable, and leaves the copper conductor exposed.^ Edwin Clark 
found in 1852 that in the purifying gutta percha the latter unites, mechanically, 

• ^ ^ Ct.P.O. coUeetioii of short lengths of gutta percha covered wires which had been used 

in underground street cables, and showing numerous places where the gutta percha had 
perished, was used by Obach to illustrate his Cantor Lectures, — Tr. 
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with a certain quantity of water, which, under the influence of the variations of 
temperature to which gutta percha is exposed during the process, partially evaporates, 
leaving a more or leas porous resin- A good gutta percha, taken from a cable of 
recent manufacture, and analysed by Miller in 1860, contained 15 per cent, of 
resin and 2*5 per cent, of water. Although purification processes have been much 
perfected since then, it seems, from experiments made in 1876 by Professor Abel, 
that as regards the oxidised products produced at the expense of the gutta and 
the interposed water, no real progress had been made. A sheet of extra fine gutta 
percha yielded 12*7 per cent, of resin and 5 per cent, of water. These proportions 
varied respectively between 20 and 27 ’5 per cent, and 3 and 13 per cent, respectively, 
in seven other samples which he examined. Classifying them afterwards according 
to their commercial value, he found that there did not exist any direct relation 
between these values and the proportions of resin and water contained in the gutta 
perchas tested. The analyses of gutta perchas of superior quality exposed for 



Fig. 118. — Single cable (Hen- 
ley’s). The figure illustrates a 
single cable conductor, 0 ’9 
square inch area, insulated with 
one coat of pure Para rubber and 
two coats of vulcanising india- 
rubber to a thickness of 0*137 
inch, taped, braided, and com- 
pounded, suitable for a working 
pressure of 660 volts ; guar- 
anteed' minimum insulation 
resistance between the con- 
ductor and earth, 2500 
megohms per mile. 



Fig. 119 ,— Section of Anglo-Belgian Tele- 
phone cable (four core submarine cable) 
constructed by Henley’s. The figure 
illustrates a section of a four core sub- 
marine cable manufactured for the 
General Post Office (usually known 
as the Anglo-Belgian Telephone cable), 
and was kid between St. Margaret’s 
Bay, England, and La Panne, Belgium. 
Total length of cable about 48 knots ; 
weight of conductor per knot, 160 lb. ; 
weight of gutta percha per core per 
knot, 300 lb. ; thickness of gutta percha 
on each core, 0*145 inch ; inductive 
capacity per knot, 0*276 microfarads. 


several years to air and light show that oxidation caused thereby only proceeds 
slowly when the gutta percha has been rendered sufficiently compact by prolonged 
mastication. To prevent its decay, gutta percha has been varnished in the case 
of gun-impressions, and it has been suggested to treat it with a 4 per cent, solution 
of formaldehyde (in the case of museum specimens). The proportion of interposed 
water enables the approximate state which the sample has reached in this respect 
to be ascertained. Moreover, this transformation or oxidation does not take place 
in a constant manner, whilst certain articles resist all deterioration, other samples, 
submitted to the same condition, so far perish as to crumble to dust as soon as 
toxiched. This anomaly is easily explained, if we consider that the commercial 
gutta perchas used in the experiments are essentially of variable composition, and 
never come (we may boldly affirm) either from the same plant, or even from 
a mixture in identical proportions of diflerent species of gutta perchas. The 
elementary compositions of these resins were studied by Holfman and Millei, 
but their results do not agree. 
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Table C. — ^Elementary Ultimate Oomposition of Gutta Peecha 
(Hoffman and Miller). 



Carbon. 

Hydrogen. 

Oxygen. 


Hoffmann 

62-79 

9-29 

27-92 

100-00 

Miller . 

76-15 

11*16 

12*69 

100-00 


Gutta perclia is preserved indefinitely when immersed in water, more par- 
ticularly in sea water, Nevertheless, time finished by getting the better of this 
substance, unattackable by the chemical agents held in solution in sea water. 
Another enemy came to replace them, namely, the minute organisms which live in the 
sea. When a copper wire covered with gutta percha is laid on the bottom of the 
sea, it must be protected as shown in Figs. 120 and 121. The least injurious of the 
organisms which attack gutta percha is the Teredo navalis. The Teredo navoMs 
is a sort of worm, of a greyish colour, belonging to the genera of acephalous 
mollusca, which sometimes attain 30 cms. (say a foot) in length. It is said 
that animals of the teredo genus attack gutta percha no further than to taste it, 
and facts would seem to affirm this assertion. During repairs to the Dover to 

iRON 5HEATMN0 
tAP£ONWIR£S-L 

\ 

TANNED JUTE ^ 



COPPER CONDUCTOR 
GUTTA PERCHA 

TAPE 


DEEP SEA TYPE 

Fig, 120, — Submarine cable. Cross-section, showing arrangement, nature, and con- 
struction of the different layers. 

Calais cable in 1851, it was found that the hemp had completely dissappeared in 
all those points where the corrosion of the iron was discovered; but the core 
was only perforated by two holes penetrating to the copper wire. But all the 
ends of the Dover to Calais experimental cable which have been brought up from 
the sea up to now have been found without the least trace of any animal attack 
whatever. Now this cable only consisted of a copper wire covered with gutta 
percha without any exterior protection whatever. 


Table CI. — Classification of Submarine Cables, Length of Core, and 
Weight of Gutta Percha (Obach). 


No, of 
Groui3, 

Description of Cables. 

Approximate 
Length of 

Approximate 
Weight of 


Core. 

Gutta Percha. 



Nautical miles 
(Knots). 

Tons. 

I. 

Trans-oceaiiio 

42,000 

6,000 

II. 

Eoimd coasts of America 

41,000 

2,600 

III. 

Round east and west coasts of Africa 

18,000 

1,200 

IV. 

Round coasts of Europe and Asia, and to 


Australia 

83,000 

6,200 


Total 

i 

184,000 

16,000 
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i The IdTnnoria lignormn or tenehrans^ the most redoubtable enemy of gutta 
percha, is a small crustacean of the size of an ant, which easily slips between the 
narrowest interstices left between the wires of the armature, so as to get at the 

I 

§ 
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shojre: end 

Fig. 122.— Submarine cable. Cross-section showing nature and construction of dillereiit layers. 
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core, wliich it perforates from point to point. Its head is armed with five or six 
pairs of hooks ; its feet, like those of the lobster, are attached to the first six rings 
of its body. The latter likewise carries a pair. 

On land giitta percha is still exposed to attack by other animals, e.g, rats, 
whose ravages in sewers are well known, and the Templetonia cristallina^ a 
microscopic insect of the Podura family. The wires may be preserved by 
embedding them covered with gutta j)ercha in cement. Like all hydrocarbides 
with a high coefficient, gutta percha is extremely inflammable, burns with a 
bright flame, emitting sparks, allowing a black residue to drop, after the manner 



Fig. 123. — Lead press for cove; iug electric cables and for making lead pipes, 

of sealing-wax, which it resembles in the way it burns. It is a bad conductor of 
h^at^ but, as it is very impressionable under ever so slightly elevated a temperature, 
this property has not been utilised either by science or by industry. Gutta percha 
as an electrical insulator is likewise so bad a conductor of electricity that it is justly 
regarded as the dielectric plastic substance par excellem^. It is rapidly electrified 
by rubbing, and the too brittle glass disc in electro-static machines was therefore 
replaced by one of gutta percha, equally good and much less fragile. Unfortunately, 
these discs, in time, as they resinified in contact with the air, split, and the 
advantage of the first few hours became a serious drawback. Rubbed with glass, 
wool, etc., gutta percha becomes elecin^o^gative. However, according to Ries, 



Table CII. — Analysis of Gutta Percha on the Cores of some Early Submarine Cables (Obach). 
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when gutta perclia, which has been left for some time exposed to the open air, and 
thus acquired , a peculiar greyish blue coloration, is so rubbed, it becomes electro- 
positive. Freed from this coloured layer by washing with ether or spirits of 
turpentine, if rubbed with wool or glass it rebecomes electro-negative^ whilst 
unwashed, in the same conditions, electro-positive. By imbbing gently with a piece 
of silk, sparks of 0-025 metre (say 1 inch) in length may be obtained. Faraday 
in 1843 was the first to point out the insulating property of gutta percha, and to 
forsee the application which might be made of this substance as a dieletric.^. This 
remarkable property is not lessened, even in those atmospheric conditions, when 
glass becomes a good conductor. Sunk under water, and in the ground, in spite 
of deteriorating causes of all kinds of moisture, of mould, and even of insects, gutta 
percha preserves intact its highly remarkable insulating properties. ^ The insulating 
power of gutta percha, or the resistance which this substance presents to the 
passage of the electric current, measured relative to copper taken ’ as unity, 
according to Wunschendorff, all ^mehsions being equal, at a temperature of 24® C. 
(75®'2 F.), is approximately 60,000,000,000,000,000,000 or — 

6xl0i». 

An idea of the magnitude of . this number may be got by remarking that light, 
the speed of which is about 77,000 leagues per second, would take longer than 
six thousand years to traverse the distance which this number would express in 
metres. 

Obach demonstrated the two principal electrical properties of gutta percha 
experimentally. He took an electroscope with a flat brass disc at the top and two 
pith rods underneath, suspended on either side of a fixed strip of brass, A thin 
piece of gutta percha is spread over the brass disc like a tablecloth, and on 
charging the electroscope by aid of- the brass knob at the side, the pith rods diverge 
and remain stationary. On laying the fingers on the top of the disc so that they 
are sexmrated from it by the gutta percha tissue, the rods slightly converge and 
then remain stationary. On withdrawing the . hand they again • take up their 
former position. This simple experiment demonstrates simultaneously the two 
electrical properties of gutta percha. The fact that the hand (which through the 
body is connected with the earth) could be held on the upper side of the thin 
tissue for a considerable time without discharging the electroscope, shows its 
excellent insulating quality,- and the binding of the electrical charge of the disc of 
the electroscope, indicated by the temporary partial collapse of the pith rods whilst 
the hand rests on the tissue, showing the inductive capacity of the gutta percha. 
The insulation , should be as high as possible, and the inductive capacity generally 
as low as possible ; but as the inductive capacity is generally accompanied by 
other good qualities in the gutta percha, etc., such is not always the case with a 
high insulation. Obach further points out that Faraday had some difficulty in 
1848 in obtaining gutta percha with a sufiiciently good insulation for his purpose, 
and he found that this was due to an excess of water in the commercial article. 
Obach demonstrated the effect of water in gutta percha on its insulating x^rojjer- 
ties, by taking some strips containing about 15, 10, 5, and 2J per cent, of water 
respectively. On charging the electroscope, and on touching the brass knob with 
the strip containing 15 per cent, of water, and on pressing the finger against the 
other side, the pith rods gradually converge, but as they do not regain their 
former position when the strip is removed, it shows that the charge has been dis- 
sipated by contact with the gutta percha. Repeating the experiment with the 
• charge containing 15 per cent., the charge disappears much more slowly, whilst the 
5 per cent, sample is found to be a good insulator, equal in fact to that with 
2J per cent, water. But different kinds of gutta perchas behave differently in 
that respect. 

The different natural gutta perchas have different properties, and mix superior 

^ Obach gives the date of Faraday’s researches as 1848, and those of V7erner Siemens, who 
would thus have the prior claim, as 1846. 

3 Decaying organic matter also acts injuriously (Obach). 
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iSSrSa, of ^ toabihty and greater mechanical resistance with 

cwSv® msdatmg capacity, and a less electro-static 

staEln«?f^ ^ msulatmg resistance and the specific electro- 
ns S^ht^f to of volume, varies between certain 

umits, and ought to be determined m each particular case. Moreover the mitta 
perchas of commerce being mixtures of natural guttas, the mahers of electrih cfbks! 



to ascertmn the exact value of the gutta perclia which tlicy buy or which thev 
propose to use, must make about 600 metres (1640 feet^ of nori +i * 
P«^ torn lot, .„d .Pte,™,* .tody it. o& r S i™lS 


A , I> 

Alog^ 

L 


Fig. 124. 
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in whicli ^ indicates a constant, B and d tlie exteidor and interior diameters of the 
cylinder, L its length. For a gntta percha cable we get approximately per knot — 

It = 750 log —megohms, at the end of a minute of electrisation, and after twenty- 

Cii 

four hours’ immersion in water at 24“ C. (75“*2 F.). With recently made cables, 
the value of A may be leas than two-thirds of that given above. The insulating 
resistance of gutta percha diminishes as rapidly as the temperature rises. The law 
of variation is represented by the formula — 

5 = A!! 


T 

in which R and t respectively represent the lowest and the highest of the two 
temperatures the difference of which is t degrees and A a constant. The coefficient 
A should be determined for each quality of the gutta percha of commerce. If t be 
expressed in “C., the value of A for average quality gutta is about 0*87604. We 
then get — log R = log r+log 0*87604. Table GUI. affords an idea of the varia- 
tion of the resistance of gutta percha at different temperatures, but cannot be 
applied with any precision to any and every species of gutta percha (J. Munro A. 
Jamieson’s Pocket Booh, 1885). Pressure increases the resistance of gutta percha : 


Table CIIL — Variations in the Resistance oe Ordinary Gutta Percha 
AT Different Temperatures (Munro). 


Temperature. 

Relative 

Resistance. 

Logarithms of the 
Resistance. 

Temperature. 

, Relative 
Resistance. 

« 

Logarithms of the 
Resistance. 


®C. 


°0. 

32 

0-0 

23*622 

1,373,317 

67 

19*4 

1*801 

0,256,516 

33 

0*5 

21*947 

1,341,375 

68 

20*0 

1-673 

0,223,496 

34 

1*1 

20*391 

1,309,439 

69 

20*5 

1*655 

0,191,730 

35 

1-6 

18*945 

1,277,495 

70 

21*1 

1*444 

0,169,667 

36 

2*2 

17*602 

1,245,562 

71 

21*6 

1*342 

0,127,763 

37 

2*7 

16*354 

1,213,624 

72 

22*2 

1-247 

0,095,867 

38 

3*3 

15*996 

1,181,701 

73 

22-7 

1*158 

0,063,709 

39 

3*8 

14 -ll? 

1,149,742 

74 

23*3 

1*076 

0,031,812 

40 

4*4. 

13*116 

1,117,801 

75 

23*8 

1*000 

0,000,000 

41 

5*0 

12*188 

1,085,861 

76 

24*4 

0*9418 

1,973,959 

42 

5*5 

11*322 

1,063,923 

77 

26*0 

0-8870 

1,947,924 

43 

6*1 

10*620 

1,022,016 

78 

25*5 

0-8354 

1,921,895 

44 

6*6 

9-774 

0,990,072 

79 

26-1 

0-7867 

1,895,809 

45 

7-2 

9-081 

0,968,134 

80 

26*6 

0-7410 

1,869,818 

46 

7-7 

8*437 

0,926,188 

81 

27-2 

0*6978 

1,843,731 

47 

8*3 

7*839 

0,894,261 

82 

27-7 

0*6572 

1,817,698 

48 

8*8 

7*283 

0,862,310 

S3 

28-8 

0*6190 

1,791,681 

49 

9*4 

6*767 

0,830,396 

84 

28*8 

0*5829 

1,765,594 

50 

10-0 

6*287 

0,798,444 

85 

29*4 

0*5490 

1,739,572 

51 

10*5 

5*841 

0,766,487 

86 

30*0 

0*5171 

1,731,576 

52 

11*1 

5*427 

0,734,560 

87 

30*5 

0*4870 

1,687,629 

53 

11 ’6 

5*042 

0,702,603 

88 

31*1 

0*4586 

1,661,434 

64 

12*2 

4*685 

0,670,710 

89 

31*6 

0*4319 

1,635,383 

55 

12*7 

4*353 

0,638,789 

90 

32*2 

0*4068 

1,609,381 

56 

13*3 

4*044 

0,601,811 

91 

32*7 

0*3831 • 

1,683,312 

57 

13*8 

3*757 

0,574,841 

92 

33*3 

0*3608 

1,567,267 

58 

14*4 

3*491 

0,512,950 i 

93 

33*8 

0*3398 

1,531,223 

59 

15*0 

3*244 

0,511,081 

94 

34*4 

0*3000 

1,506,150 

60 

15*5 

3*013 

0,478,999 

95 

35*0 

0*3014 

1,479,143 

61 

16-1 

2*800 

0,447,158 

96 

35*5 

0*2839 

1,453,165 

62 

16-6 

2*601 

0,415,140 

97 

36*1 

0*2674 

1,407,161 

63 

17-2 

2*417 

0,383,277 

98 

36*6 

0*2518 

1,401,051 

64 

17*7 

2*245 

0,351,216 

99 

37*2 

0*2371 

1,374,932 

65 

18*3 

2*086 

0*319,314 

100 

37*7 

0*2238 

1,348,889 

66 

18*8 

1*938 

0,287,354 
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if we indicate by t its resistance to atmospheric pressure, by B its resistance to 
the pressure" p expressed in kilogrammes per square centimetre, we get — 

(1 + 0*00327 p). The specific electro-static capacity of gutta, relative to that 
of air, taken as unity, is about 4*2, The capacity C of an annular cylinder of 
exterior and interior diameters D and d is expressed by the ratio — 

o-aJ 

Z representing the length of the cylinder ; A being a constant. For a gutta percha 
cable we get approximately per marine mile — 

^ 0*18769 . c , 

n _ — ^microfarads. 

1 D • ' ^ 

j 

The constant 0*18769 varies with the quality of the gutta percha. 

Relative resistance (after a minute of electrisation) at different temperature^ of 
ordinary gutta percha as cores in which the thickmss of the gutta percha does not 
exceed 2*79 millmwti'es of an inch) (Willoughby Smith). 

The weight of gutta percha necessary to obtain a core of diameter i?, with a 
conductor of diameter cZ, D and d both being expressed in millimetres, is about — 

1*43 (D2 — d^) kilogrammes. 

Dielectric Strength — ^An important electrical property, which has recently come 
into prominence, is what is called the dielectric strength or resistance to piercing by 
high voltages. Table CIV. gives the dielectric strength of various gutta percha- 
covered wires (cores), and the corresponding thickness of the insulating material 
or dielectric I it also gives for comparison the dielectric strength of caoutchouc- 
covered wires and of ebonite. A thickness of a little over inch of gutta percha 
breaks down with 40,000 volts, and one of about inch with 28,000 volts. 




ii 


i 
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Action of solvents, — Gutta percha resists most solvents. It is completely 
insolnhle in cold water ^ softens in ‘ boiling water and in steam ; it none the less 
remains quite entire, whatever may be the temperature of the water vehicle, and is 
preserved almost unalterable therein. Gutta percha, however, swells in boiling 
water, and absorbs about 5 to 6 per cent., which it afterwards only parts with 
slowly when left to itself. But if it be heated to 150° C. (302° P.) in the swollen 
hydrated condition, it rapidly abandons its interstitial water without undergoing 
any constitutional change. It is almost insoluble in cold weak alcohol, its 
solubility augments with the increase of alcoholic strength and on heating, and 
if it be boiled in absolute alcohol, it loses about 15 to 20 per cent, of oxidised 
resinous bodies. If ether only dissolves a small quantity of gutta percha (Payen), it 
dissolves completely therein provided the ether be absolutely pure, i.e, free from 
alcohol (Arpe). Ether containing even a small quantity of alcohol loses the 
property of completely dissolving gutta percha. It dissolves partially in hot spirits 
of turpentine, shale oil, olive oil, and, better still, in benzine. The best solvents 
are carbon disulphide and chloroform. These solvents do not cause it to swell like 
rubber. Solution takes place gradually from the surface to the interior. The 
cloudy liquids so obtained, after filtration, become perfectly limpid and colourless. 
By evaporating the solvents, the pure gutta percha so obtained has the appearance 
of virgin wax. Hot solutions deposit gutta percha in clots on cooling ; alcohol 
precipitates it from this solution, but the precipitated product often retains traces 
of the solvent used, especially benzine between its pores, which renders it tacky. 

Action of reagents — Gutta percha bottles' alone stand hydrofluoric add, — Concen* 
trated alkaline solutions, dilute acid, even hydrofluoric acid itself, are without 
action upon gutta percha, and it was the researches of Staedeler on this point 
(published in the Annales de Chimie et de Pharmacie^ Ivii. p. 137), which gave birth 
to the gutta percha bottle industry for the transport and storage of fluoric acid in 
the liquid state. Concentrated sulphuric acid dissolves gutta percha, colouring it 
brown, and disengaging sulphurous acid. Nitric acid attacks it, producing nitrous 
fumes, and, according to Oudemans, the products of the reaction consist of formic 
and hydrocyanic acids. Very concentrated hydrochloric acid likewise attacks it 
eventually. According to Berthelot ^ {Bulletin de la Soci4t4 Chimique^ 1869, xi. p. 
33), one part of gutta percha, as pure as possible, heated to 280° C. (536° F.), with 
80 parts of hydriodic acid, produces complete hydrogenation of the substance. It 
yields saturated carbides (paraffins), boiling at a very high temperature. 

Having examined the product of this reaction, Berthelot ascertained that it did 
not contain any hydrocarbide volatile at a Iqw temperature, nor any carbide volatile 
below 360° C. (688° F.). It is a viscous matter, rather similar to fused rubber, 
which obstinately retains interposed water. When heated it swells much, and in 
an explosive manner, as the water is being disengaged. But the water, in evaporat- 
ing, does not carry along with it any volatile hydrocarbide. When the water is 
entirely eliminated, the temperature may be raised to 350° 0. (662° F.) without 
any carbide distilling, and it is only by still furthur raising the temperature that it 
finally distils, but without undergoing apparent decomposition. The carbide thus 
obtained presents the reactions of the formenic carbides (paraflftns) : resistance to 
bromine, to fuming and cold nitric acid, to fuming and lukewarm sulphuric acid. 

Chemical composition, — Commercial gutta percha, even when absolutely pure, 
is not a simple substance the elementary principles of which one can study forth- 
with. It consists of several proximate principles in more or leas variable propor- 
tion, according to its botanical origin and the different manipulations it has under- 
gone. It is therefore impossible to examine its chemical composition before 
demonstrating (1) the method of preparing chemically pure gutta percha, and the 
process (2) of separating its knowm proximate principles. Payen commenced the 
preparation of the pure substance by dissolving raw gutta percha in carbon 
disulphide, filtering and evaporating it in the air on a marble or glass slab without 

^ See Preface to second English Edition for translator’s justification of the chemical termin- 
ology used here. 
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amalgam. After complete desiccation, the plates of purified gutta percha are 
detached and covered with cold water, which stops the tackiness in a few moments : 
100 parts of gutta percha so treated gave the following results (Miller) : — 


Table CV. — Results of Analysis of Gutta Percha by Payen’s 
Method (Miller). 



Per cent. 

Purified gutta percha 

7970 

Resins 

15*10 

Yegotable fibre 

2*18 

Water 

2*50 

Ash 

0*52 


100*00 


From a gutta percha so purified Arpe extracted seven different resins, which 
presented perceptible variations in solubility in ether, and in alcohol of different 
strengths and temperatures. Arpe gave formulae for the composition of these 
resins which, moreover, are absolutely hypothetical, as saline compounds of these 
resins which would enable their atomic weight to be fixed are unknown. Payen, 
by treating gutta percha, purified as above by cold alcohol, then by boiling 
alcohol, has shown that there existed therein three quite distinct proximate 
principles in the following average proportion : — 

1. Ghitta (insoluble in cold alcohol and in boiling alcohol), 78 to 82 per 
cent. 2. Fluavile (insoluble in cold alcohol), 4 to 6 per cent. 3. Albam (soluble 
in boiling alcohol), 14 to 16 per cent. To isolate each principle, the purified 
gutta percha is treated for several hours with boiling alcohol, and filtered. The 
alcoholic solution deposits, after standing for one or two days, an abundant granula- 
tion of white opalescent matter, forming a nucleus, soluble in absolute alcohol 
(amorphous yellow substance), whilst the exterior envelope is insoluble, and 
becomes more and more white and diaphanous. By repeatedly washing the 
granulated mass with cold alcohol, the fiuavile is dissolved, whilst the albane 
remains insoluble. After having repeatedly boiled the gutta percha in alcohol, 
there remains the chemically pure substance called by Payen gutta, 

Obach hardens gutta percha by dissolving it in petroleum ether, and then 
cooling to 60° F. The gutta, or hardened gutta percha, is precipitated whilst the 
albane, fluavile, etc., remain in solution (see p. 386). 


Table CVI. — Chemical, Physical, Mechanical, and Electrical Properties 
OF Hardened Gutta Percha (Obach). 



G. 

R. 

D. 

W. 

G 

R 

Softens, etc., 
at °C. 

Pliable, etc., 
at “ C. 

Hardens in 
minutes. 

Tensile 
Strength 
(lb. per sq. iu.). 

Elongation 
(per cent.). 

Insulation 
(in megohms). 

Inductive 

Capacity 

(microfarads). 

A 

64-7 

39*4 

2*7 

3*2 

1*4 

377 

58*8 

17 

1592 

360 

34,970 

•0613 

B 

93-0 

2*8 

2*5 

1*7 

33*2 

67-2 

91*1 

s 

5662 

285 

27,410 

•0575 

C 

97*3 

1*2 

0*3 

1*2 

78*5 

58*3 

94*4 

n 

6757 

380 

6,640 

•0471 

D . 

94*1 

1*2 

2*0 

■2*7 

78*4 

60*5 

90*0 

1 

5937 

425 

10,030 

•0608 

E 

94*9 

0*8 

2*2 

2*1 

120*0 

61*6 

93*3 

1 

5008 

265 

8,350 

•0588 


A=Medmin quality cleaned in ordinary way ; B = sam 0 material hardened by extracting 
the resin ; 0, D, E, various other materials hardened by extracting the resin. 
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Muavile is a yellowisk diapliauous resin, a little heavier than water; it is hard 
and brittle at 0" G. (32" P.), softening towards 50" G. (122" F.), becoming pasty 
at 60 G. (140 F.) [at 42" G. (105*6" F.) according to Oiidemansl, and completely 
fluid at 100° to 110" 0. (212" to 230" F.). It is decomposed at a higher tempera- 
ture into different badly defined hydrocarbides. It is soluble in the cold state in 
alcohol, ether, benzine, spirits of turpentine, carbon disulphide, chloroform. 
When the solvents evaporate, amorphous fluavile is deposited. It resists dilute 
and concentrated acids and alkaline liquids, but is rapidly destroyed by sulphuric 
and nitric acids. Its comj)osition was determined by Oudemans {Bep. de Ghwm 
appliquee^ 1858-59, p. 455). It yields^ — 


Table GVII.— Elementaby Composition op Fluavile (Oudemans). 



I. 

I£. 

Carbon 

Hydrogen 

Oxygen 

Per cent. 
83*36 

11*17 

5*47 

Per cent. 
83*62 

11*42 

6*06 

- 

100*00 

100*00 


and thus corresponds with the formula GgoHggO. Fluavile is thus simply an 
oxidation derivative of gutta. 

Albane is a white crystalline lenticular resin ; examined under the microscope, 
it appears as diaphanous radiated follicles. It is heavier than water, only melts 
at 160" G. (320° F.) [140° 0. (284° F.), Oudemans]; not acted on by hydrochloric 
acid. It is soluble in benzene, spirits of turpentine, carbon disulphide, ether, 
chloroform, and boiling anhydrous alcohol. 100 parts of cold alcohol dissolve 
5*1 parts and 54 parts on boihng. It crystallises out on cooling from its solutions. 
The following is its composition : — 


Table CVIII. — Elementaby Composition op Albane. (Oudemans). 



I. 

II. 


Per cent. 

Per cent. 

Carbon 

78 -87 

78*95 

Hydrogen . . * , 

10*58 

10-31 

Oxygen 

10*55 

10-74 • 


100*00 

100*00 


which corresponds with the formula CgoHggOg- Heated to 130" G. (266° F.), it is 
changed into CgoHgQO. When the boiling alcohol which has been used to extract 
the gutta percha is allowed to cool, it deposits white rounded granulations, consist- 
ing of a nucleas of fluavile, covered with a crystalline incrustation of albane, which 
may be separated from each other by means of cold alcohol. 

Gutta^ the principal element of commercial gutta percha, is solid, pliant, 
extensible, but not elastic between 10° and 30" 0. (50° and 86° F,). It softens 
about 45" C. (113° F.), and begins to assume a deep brown coloration.* As the 

^ Obach, agreeing with Oudemans, found for albane C. = 78*96, H. =10*58, 0. =10*46, but 
for fluavile O.=80*79, H. =11, 0.=8*21, or C4oH(j402, which neither agrees with Oudemans 
nor with Osterle, who found O40H04O3 for albane and (CioHigln for fluavile, thus reversing 
Oudemans’ results. — T b, 
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heat increases, it becomes more viscous and transparent. At 100“ to 110“ C. (212“ 
to 230“ F.) it spreads out into a soft paste, and liquefies at 130“ C. (266“ F.), and"^ 
then commences to “boil,” yielding on distillation several hydrocarbides analogous 
with those yielded by the distillation of rubber. The property of pwre gutta^ of 
becoming plastic at higher temperatures, shows that it is not a simple body, but a 
mixture (alloy) of several hydrocarbons, difiFering probably only in their molecular 
constitution. The case is similar to that of the tinman’s solder in the state in 
which it is used for making what is technically called a “wiped joint.” In 
presence of acids, dilute alcohol,, ether, and chloroform, gutta behaves like gutta 
percha.i Gutta, unless previously treated with alcohol (Arpe), is not insoluble in 
ether. Heated with nitric acid, it gives off formic and hydrocyanic acids. Reduced 
to powder, it rapidly absorbs oxygen ; gaseous hydrochloric acid transforms it into 
a brownish black substance, which contracts on its surface and presents the appear- 
ance of a fused substance. Its instability is very great, and it is difficult to 
preserve intact except in a solution of common salt. Soubeiran was the first to 
analyse gutta, but he did not succed in completely separating the albane from the 
fiuavile. 


Table CVIIIa. — Elementary Composition oe Gutta (Soubieran). 



Per cent. 

Carbon 

* 83*5 

Hydrogen 

11*5 

Oxygen 

5-0 


1 100-0 


Table CIX. — Elementary Composition oe Gutta (Ouuemans) 



I. 

. 11 . 

III. 

Carbon 

Hydrogen 

Oxygen 

Per cent. 
87-64 
11-79 

0-.57 

Per cent. 
88-10 
11-77 

0-13 

Per cent. 
88-20 

12-0 

100-00 

100-00 

100 '20 


The composition of gutta would thus correspond with the formula CgoHgg or 
CgHg (Oudemans). Baumhauer confirmed Oudemans’ results as to the elementary 
composition of gutta, albane, and fiuavile. According to him, pure commercial 
gutta percha would consist essentially of a hydrocarbide CgoHgg, identical with the 
gutta of Oudemans and with several oxidation products of the same substance. 
Baumhauer exhausted commercial gutta percha, previously washed with water and 
hydrochloric acid, either by ether, which abandons the gutta as a white pulverulent 
substance, or by dissolving the substance in chloroform, aud pouring the solution 
into alcohol, which precipitates the gutta in flocks, which are purified by careful 
washing with boiling absolute alcohol. Miller’s formula for gutta would be CgoH^Q, 
but the pure commercial gutta percha contains a hydrocarbido, CgoHgg, mixed with 
different oxidation products, CgoHggO and CgoHggOg (Oudemans). The relations 
which may exist between the latter products and the products of the spontaneous and 

^ Pure gutta is insoluble in ether and light petroleum spirit at the ordinary temperature, 
whereas albane and fiuavile dissolve readily in these menstrua. Obach’s so-called * ‘ clicmical 
hardening process ” consists simply in extracting the resin from the gutta i)ercha by means of 
light petroleum spirit extraction plant on a large scale. — Tk» 

24 
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ultimate oxidation of gutta ^ are unknown. , On distillationj gutta is decomposed in 
‘'the same way as rubber. C. Greville Williams has separated the following hydro- 
carbons : iosoprene, caoutchine, and h4v6ene, in the following proportions : — 


Table CX. — Dbstbuctive Distillation Pboducts of Gutta Peboha 
(Gbbville Williams). 



Per cent. 

Caoutchine 

Isopreno 

20 

6 


During distillation a volatile acid is given off, which Blossom regards as one of 
the lower members of the series We may thus regard pure caoutchouc 

and pure gutta (the unoxidised principle of gutta percha) as two isomeric com- 
pounds of the same series. According to Bloekrode, Palaquium juice contains but 
one and the same principle, namely, gutta. The different substances which are found 
therein arise exclusively from the deterioration it undergoes during collection, 
which explains the difference found in the qualities of the j^roducts now imported 
which are undoubtedly superior to those imported a few years ago, when tlie 
process of tapping the trees was unknown, and felling alone was in vogue. 

Physical and chemical pi'operties of gutta percha^ called yellow gutta, of the Straits 
Archipelago (botanical origin, — Payena Lerii, Mayang Sundek). — Ed. Heckel and 
L. Schlagdenhauffen made a comparative study of the gutta perchas of the 
Palaquiwms, and the gutta perchas produced by (1) the Payenas, (2) the Mimusops, 
and (3) the Bassias. Some extracts from their patient researches will be useful, 
even if their conclusions cannot always be accepted, but discussion spreads light ; 
and light on such a subject as the present one is very necessary. 

(1) Payena Lerii. — The samples analysed had the form of a hard yellow 
mass, easily scratched by the thumb-nail, softening more than Mimusops guttas 
(to be referred to later on), and adhering more strongly to the hand, which softened 
them by its warmth. They uniformly assume the garb of round balls of 150 to 
200 grammes (say 5 to 7 ounces), somewhat uneven and flattened in certain points, 
which gives them a striking resemblance to a freshly peeled potato. By treating 
the substance with boiling alcohol, a yellow tacky liquid is obtained, which, after 
spontaneous evaporation, leaves small needle-shaped crystals. By working on 
5 grammes only, 1*5 grammes remained, consequently 3*5 grammes were dissolved 
in the alcohol. 

Alcoholic extract. — ^Eifty grammes of raw material yielded 35 grammes of 
extract, which, taken up by petroleum ether, yielded a tacky portion soluble in the 
vehicle, with silky, almost colourless, crystals. The crystals so obtained are in- 
soluble in water, soluble in alcohol, ether, chloroform, benzine, carbon disulphide ; 
they do not act on litmus, melt at -l- 65° G. (149° F.), and yield, on cooling, a hard, 
transparent varnish. It resists fused potash. Concentrated sulphuric acid colours 
it brownish yellow, passing eventually to violet. Nitric acid attacks it even in the 
cold, and very violently at the temperature of the water-bath. The reaction 
neither yields oxalic nor picric acids. The composition of the crystalline substance, 
according to their analysis, is as follows : — 

Table CXI. — Ultimate Analysis, Cbystalline Body, fbom Payena Lebii, 
Gutta Pebcha (Heckel and Schlagdenhauffen). 


Carbonic acid 

0’4615 whence C 67*930 per cent. 

Water ...... 

0-2176 „ H 12-083 „ 

Difference 

0 19*987 


100*000 


I Otto Osterle found a fourth substance, guttane, in gutta percha, yielding, after several 
precipitations from its chloroformic solution by alcohol, 0. =86*4, H. =12 per cent. — Tn. 
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hence the formula CjjHjqO. The tacky matter mentioned above is found in the 
mother liquor of the crystals. Preserved and exjDOsed to variations of temperature 
from -- 5° to +18° 0., it remains perfectly limpid. Analysis shows almost com- 
plete identity with the crystalline product, even in regard to solubility in different 
menstrua, with the exception of petroleum ether, which completely dissolves' it, 
whilst it scarcely acts upon the crystals : the same red coloration with sulphuric 
acid, the same decomposition with nitric acid, the same resistance to the action of 
fused potash. Applied (in chloroformic solution, or dissolved in petroleum ether) 
on glass, wood, or any other hard body, it may replace varnish. But its 
elementary composition is not the same. The authors only found in it 49*635 of 
carbon instead of 67*930, and 11*305 of hydrogen in place of 12*083. . It therefore 
contains much more oxygen. From its physical properties it might at the outset 
be taken fox but its molecular composition is completely different. The 

substance which remains after the extraction of the raw material by absolute 

alcohol, possesses, according to the. authors, all the qualities of an excellent 

caoutchouc. It may be drawn into thin threads, and springs back on itself, on 

account of its great elasticity. According to Heckel and Schlagdenhauffen, the 
yellow gutta of the Straits Archipelago is merely a mixture of 30 per cent, of 
gutta and of two resins, the one crystallisable and the other tacky. 

(2) Physical and clicmiml properties of Abyssinian gutta exi/racted from the 
Mimusops Schi/nipeH et Kmvniel (of Hochst). — The samj^les analysed were received 
from a M. Jambert, of French origin, who had become Menelik^s Minister at Shoa. 
The substance was a hard brown mass, of not so dark a colour as the Palaquium 
gutta of commerce. Easily scratched with thumb-nail, it softened slightly in 
the hand, and became tacky, although heat did not make it tackier. The authors 
first treated the substance with tepid water, then with boiling water, to separate as 
far as possible the vegetable debris and other impurities which it contained. By 
cooling the liquid afterwards, and stirring it vigorously, they fixed on the stirrer a 
more or less elastic substance of the same colour, entirely different from the non- 
adherent granular deposit at the bottom of the dish. In spite of repeated treatment 
with hot water, they were not able to agglutinate this latter portion. The cause of 
its resistance to plasticity is due to the considerable quantity of fixed salts con- 
tained in the deposit, since an analysis of 0*627 of substance gave 0*127 of ash. 
The deposit which falls to the bottom of the water contains therefore — 


Table GXIL — Analysis of Abyssinian Gxttta. 



Per cent.^ 

Organic matter 

Ash 

72-64 

27-44 


The adherent elastic matter of an earthy brown colour was kneaded between 
the fingers until a homogeneous mass was obtained. In appearance this mass 
is rather analogous with ordinary gutta percha. It softens in water, but always 
preserves considerable elasticity. Owing to these defects, in can never be sub- 
stituted for good commercial gutta jiercha without previous modification and 
transformation. Numerous attempts to eliminate or minimise these drawbacks 
were unsuccessful Sudden variation of temperature and pressure gave negative 
results. As a last resource, attempts were made to mix the gum with ordinary gutta 
percha, with the hope that the excess of elasticity and adhesiveness might be masked 
by the plasticity of the better quality gutta percha Two mixtures containiJig 
Abyssinian gutta were made and sent to the printing-works of Berger, Evrault, to 
ascertain if the new product might find an industrial use, and be capable of being 
^ The figures given by the authors calculated to per cent, give 79*74 and 2D *26 re- 
speotiyely. — T e. > 
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used for taking impressions of the moulds of blocks for steel engravings used in 
Tr>fl.Tring galvanos. The answer was prompt : the experiment gave excellent results. 
To ascertain the cause of so marked a difference between these two varieties of gutta 
percha, the authors (H. and S.) tried to find out how they behaved in presence of differ- 
ent chemical reagents. . The first experiments were naturally with such solvents as 
alcohol, ether, carbon disulphide. Fow, whilst alcohol does not dissolve ordinary 
gutta percha, the Abyssinian substance dissolved therein to the extent of 42 per cent. 
The boiling solution is colourless. On cooling, a white mamillated, but non- 
crystalline, product is deposited. The microscope shows some rare needles, which 
cannot be eliminated by any of the vehicles successively employed for this purpose. 
The authors .conclude that the substance is amorphous, with a tendency to 
crystallisation. By repeated solution in boiling alcohol, it was at last obtained of 
a snow-white colour. The compound, of a fusible nature,, melts at lO?" C. 
(224*6° F.). Heated to 230° C. (446° F.), it remains liquid without the least 
alteration, but at a higher temperature it turns brown and decomposes. It dis- 
solves in ordinary alcohol, wood spirit, acetone, benzene, chloroform ether; spirits 
of turpentine, petroleum ether, and carbon disulphide. It does not dissolve in 
boiling potash, and does not yield double decomposition products by the action of 
fused potash. Nitric acid attacks it very energetically — a crystalline body, 
oxalic and picric acids, and other substances, being produced. Its formula is 
GgHgO or CgoHggO^. It may therefore be considered as an oxidation product of 
albome^ CgoHggOg, contained in ordinary gutta percha, but it differs from it in its 
chemical properties. Moreover, it does not possess any of the characteristics of 
CgoHggO, which accompanies the alham of ordinary gutta percha. These 
two resins, the former of which is white and crystallisable, the other amorphous 
and translucid, are associated with the gutta — 


Table CXIII. — Pboximate Analysis of Organic Portion of 
Abyssinian Gutta. 



Per cent. 

Gutta 

76-82 

Albane 

19-14 

Fluavile 

6-14 


101*10 


whilst the miTnusops gutta percha only contains the white non-crystalline resin of 
which we have given the analysis, and which amounts to 42 per cent, of the raw pro- 
duct. The remainder, i,e, 58 per cent; of matter insoluble in alcohol, forms a dark- 
coloured substance, the appearance of which recalls that of ordinary gutta, and, like 
it, it is soluble in ether, and completely insoluble in ordinary alcghol, wood spirit, 
and acetone. The product contains 9*8 per cent, of fixed residue, consisting almost 
solely of sulphate of lime. The composition of the mimusops gutta percha may 
therefore be put down as — 


Table CXIY. — Composition of Mimusops Gutta Percha. 



Per cent. 

Gutta 

48-20 

Fixed salts 

9 -SO 

Amorphous resin 

42-00 


100-00 
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The raw product, as well as the gutta purified by the previous elimination of 
the whole of the resin, or, better still, by only a portion of that resin, may be 
utilised as we have said. Ih obtain the most mvltabh compound for the maldng of 
galvanos, they boil the substance with its own weight of 90 per cent, alcohol, 
filter and incorporate the cake, which remains in equal proportions with ordinary 
commercial gutta. 

(3) Physical and chemical properties of the yatta p&rcha exWacted from the Bassia 
Parhii or gum of the Karite tree — Density , — The density of this product is 0*976, 
whilst Payen assigns to the crude gutta percha of the Palaquiums that of 0*975. 
Insulating properties , — ^It becomes electrical by rubbing as easily as the latter, and 
may therefore be likewise used as an insulator. It softens in hot water in the same 
way as commercial gutta, and becomes adhesive like it at a temperature bordering 
on ebullition. From a chemical point of view, however, some differences exist. 
Action of solvents , — For the two products do not behave in an identical manner 
with solvents. Bassia gutta treated with petroleum ether, ordinary ether, spirits of 
turpentine, and boiling acetic acid, cedes to these solvents a less amount of soluble 
principles than ordinary gutta. Moreover, the evaporated solutions do not leave 
identical products. The residues of the Bassia gutta are tacky, whilst those of com- 
mercial gutta consists, so to speak, of a dry, non-adhesive varnish. Identity is 
almost complete, from the point of view of solubility, in carbon disulphide, chloro- 
form, benzene, and cold and boiling alcohol. With the two first solvents, only an 
insignificant insoluble residue remains of quite a black colour, provided always- 
that a sufficient quantity be taken. As to the solvent power of benzene, it is 
likewise similar. The insoluble residue is identical in the two products, but a little 
more pronounced than in the former instance. As to the solubility in 95 per cent, 
alcohol, it is equal in both instances, but this latter solvent only dissolves 7 per 
cent pf the substances treated. Summing up the solvent powers of the different 
vehicles, and bringing the results to per cent., we get the following Table : — 

Table GXV. — Showinu the Solubility op Obdinary Gutta Percha 
AHU Bassia Gutta Percha in Difperent Solvents. 



Carbon 

Bisul- 

phide. 

Chloro- 

fOTIU. 

Ben- 

zin<». 

Ordin- 

ary 

Ether. 

Petro- 

leum 

Ether. 

Spirits 
of Tur- 
pentine, 

Acetic 

Acid. 

Alcohol 
96 per 
cent. 

Coinmercial gutta 
percha . 

99-72 

98*68 

93*20 

40*8 

34*0 

20 

19*2 

7 

Bassia gutta percha . 

97-92 

92-28 

92*80 

20*1 

18*1 

> 8 

12*8 

7. 


Table CXVI. — Showing, by Payens Process, the Comparative Proximate, 
Composition op Crude and Purified Commercial Gutta Percha and 
Bassia Gutta Percha. 



Crude 
Cominercial 
Gutta Percha. 

Crude 

Bassia Gutta 
Percha. 

Coinmercial Gutta 

Bassia Gutta 


Percha No. 1 Puri- 
fied by Carbon 
Disulphide. 

Percha Purified 
by Carbon 
Disulphide. 


I. 

11 . 




Gutta . 

92 

91*5 

91 

92 

91*5 

Albaue . 

6 

6*5 

5*5 

5*8 

6*0 

Fluavile . 

2 

2 

3 

2*2 

2*3 


100*0 

100*0 

99*6 

100-0 

99*8 j 
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By heating these two gutta i^erchas until carbonised, and incinerating - the 
product, ashes of similar appearance were obtained — , 

Table OXVII. — Showing the Compaeative Amount of Ash in Bassia 
Gutta Percha and Commercial Gutta Percha. 



Kesidue in Per 
Grammes, cent. . 

10 grammes of Bassia gutta left 

10 ,, of commercial gutta percha 

0-120 = 1*20 
0*126 = 1*26 


Spectrum analysis gave sodium, potassium, and lithium. There is almost 
complete identity. Summing up : — The products of the Mimusops approach in 
composition and properties true Palaquimn, gutta percha, whilst the Payena seem 
more allied by their composition and chemical properties with caoutchouc. Both 
products are much further away in their nature from real gutta percha than the 
Bassia Parhii product, whose identity with Palaqwium is nearly complete. 
Although the conclusions of scientific chemists and professors cannot always be 
accepted, and, until a new order of things and proof to the contrary is forthcoming, 
it may be safely asserted that the gutta perchas of the Payeiva Lerii are powerful 
and almost indispensable adjuncts in the making of mixtures of industrial gutta 
perchas, we have nevertheless not hesitated to reproduce this research almost in its 
integrity. Comparative researches of this nature alone enable the truth to come 
soon to light, to the great iDrofit of commerce and industry. The opinions on the 
products of Bassia Parhii require more ample information. If their scientific 
data should have to be recognised as. exact, and the Gh4e tree should really have 
to be regarded as capable of yielding a utilisable gutta percha, it would be ah 
urgent matter to undertake its rational culture as promptly as possible. It would 
then, without doubt, be one of the most useful trees of tropical Africa, the more so 
as this plant loves dry gravelly soils, and, moreover, it is extremely hardy. We 
could then apply to it the term applied to the Manihot Glazoivii with respect to 
caoutchouc : the Bassia Parhii would be the gutta percha tree of the future.^ 

Obach is not so enthusiastic as HeckeL From the samples at his disposal he 
formed an unfavourable opinion of Bassia gutta. He says : — The solid oil or fat 
of the shea butter-tree, which is largely used for soap-making, contains from 
0*5 to 0*7 per cent, of a hydrocarbon said to be similar to gutta, and which has 
been termed ‘‘ gutta shea.” I have examined a specimen of the concrete milk 
from the trunk of the tree ; also some of the gutta from shea butter, and some 
slightly fermented gutta from the trunk, which I received in 1891. They were 
taken from samples sent to the Kew Museum fi’om Western Africa some years ago 
by Sir George Goldie, of the Royal Niger Company. Two of the samples con- 


Table CXVIII. — Elementary Analysis op Bassia Gutta Percha 

BY FeNDLER. 



I. 

11. 

HI. 

Calculated 

for 

C'lo Rib* 

Carbon 

Hydrogen . 

86-99 

10-93 

87-07 

10-98 

87-29 

11-21 

88*14 

11*86 


^ Serrulaz and Hourant (British Patent, 654; 1896) claim the extraction of gutta from 
the raw material of Bassia Parhii by toluene and subsequent precipitation by acetone just as 
they extra-ct ordinary gutta from the leaves. — Tn, 
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tainecl about 14 per cent, of a substance somewhat resembling gutta, but possessing 
no strength or tenacity, and partaking more of the nature of a wax. The material 
could, therefore, hardly replace gutta percha, excei^t, perhaps, for some special 
ajiplication. However, I should not like to express a definite opinion on this 
substance until I have examined it in a perfectly fresh and intact state. 

Bassia gutta yields potassium cinnamate on saponification with alcoholic potash. 
Oxygen containing bodies are also present. 


TABI4E .CXIX. — Analysis of Six Samples op Bassia Gutta collected by 
Von Kerstling in Lama. 



1. 

2. 

■ 3. 

.4. 

5. 

6. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Gutta 

25*61 

19*8 

19-0 

21*2 

15*0 

17*7 

Resin 

50 *.5 

78*5 

65*0 

76*0 

74*5 

,56*0 

Ash . . . 

7*01 

0*80 

5*2 

0 6 

6*5 

7*8 


1 , Old latex ; 2 and 3, fresh latex preserved by ammonia ; 4, fresh latex, water added, and 
preserved by ammonia ; 5, fresh latex preserved by ammonia. Presh latex air dried. 


Balata — Physical and chemical properties, — In the preceding research, Heckel 
and Schlagdenhauffen, have referred to Abyssinia gutta, a product of Mimusops 
Chimperi et Kwnmiel^ but not to the product of the Mimnsops Balata et Glohosa^ 
put on the market under the name of balata. The latter substance, besides its 
great strength, possesses the property of being sHghtly elastic when it is pulled, a 
property of great importance in the manufacture of transmission belts ; and it was 
this property which made Stagneri, an American manufacturer of rubber goods, 
declare that balata was the best rubber in the world. This substance would find a 
more and more extended consumption if a sufficient supply were put on the 
market \ but as matters stand its production is very limited. Its price is equal to 
if not higher than that of gutta percha, and that is the best proof that industry 
knows how to use it. In the generality of cases where gutta pjercha is utilised, 
balata is capable of usefully replacing it, and it is only its relatively high price 
which confines it to certain special uses. The manufacturing trade regards balata 
as a gutta percha, and one of the best ; once wrought up, its generic name would 
disappear, to be confused with the other sorts of industrial gutta perchas. Never- 
theless, the product is far from being the same from a physical and chemical point 
of view. It is softer at the ordinary temperature, and remains pliant at low 
temperatures. The gutta contained in balata is very strong and tough, being 
altogether of excellent quality ] but the percentage of resin is a large one, and the 
material can consequently only be regarded as a substitute for second, or perhaps 
even third-class gutta percha. Balata is somewhat more flexible than gutta percha, 
containing an equal amount of resin, which appears to be due to the softness of 
the resinous constituents. (Obach had several times observed an oily substance 
exuding from balata on stretching, which, after drying up, left a whitish powder 
behind, resembling mildew). A loss in weight, usually observed during analysis, 
indicates the presence of volatile constituents. To determine the composition of 
the resin contained in balata, a specimen extracted with ether was carefully heated 
by Obach until the weight remained constant, whereby it lost 4*6 per cent. ; it 
was then repeatedly treated with boiling alcohol, from which the albane was pre- 
cipitated on cooling as a white crystalline powder, leaving the fiuavile in solution. 
It was then found that the resin consisted of about two parts of albane and three 
parts oi fiuavile. 

Some of the specimens of balata sent to this country perished quickly when 
exposed to air and light, and this rather prejudiced the manufacturers against the 
material; but others retained their good qualities a long time, and a sheet of 
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balata, which was manufactured in January 1881, nearly seventeen years after- 
wards, was still as sound as one could wisli it. The sheet had been kept in a 
comparatively cool cellar, hut without any special j^recautions. Obach was in- 
clined to think that the materials which decayed so prematurely had either been 
carelessly prepared from the latex, or else were obtained by some special method 
of coagulation. The behaviour of balata towards atmospheric oxygen is referred 
to in the sequel. 

If the commercial substance be j^urified by washing with boiling acidulated 
water, then by boiling alcohol, a residue remains, which, dissolved in carbon 
disulphide, filtered and evaporated, gives a similar composition to gutta, i.e . — 

Carbon . . . . . . . 88*5 per cent. 

Hydrogen , . . . . . . 11*6 „ 

100*0 „ 

The colour of balata is reddish white, with dark spots and veins. It has no 
taste, and, when heated, emits the same agreeable odour as pure gutta^ when slowly 
heated, xinder a layer of water and gradually brought to the boiling-point. Its 
specific gravity is 1*05. It may be cut like gutta percha, but it has much 
greater tenacity. 


Table CXX. — Analysis of Vaeious Histoeical Samples of Balata (Obach). ^ 


No. 

Percentage Composition. 

Totals. 

Ratios. 

Percentage 

Composition, 

Gutta, 

Resin, 

Dii-t. 

Water. 

Balata. 

G.+R. 

Waste. 

D.+W. 

Balata. 

Gutta. 

Gutta. 

Resin. 

Waste. 

Resin. 

(1) 

43*2 

40*3 

14*5 

2*0 

83-5 

16*5 

"5*1 

1*1 

51*7 

48*3 

(2) 

47-4 

43*6 

8*3 

0*7 

91*0 

9*0 

.10*1 

1*1 

52*1 

47*9 

-(3) 

43*3 

• 41*6 

18*0 

2-1 

84*9 

15*1 

6*6 

1*0 

510 

49*0 . 

W 

44*5 

41*6 

12*2 

1*7 

86*1 

13*9 

6*2 

1*1 

51*7 

48*3 

■ (5) 

41*1 

42*6 

14*1 

2*2 

83-7 

16*3 

5*1 

0*97 

49*1 

50*9 

(6) 

42*6 

48*0 

3*7 

5*7 

90*6 

9*4 

9*6 

0*89 

47*0 

53*0 

(7) 

31*1 

27*0 

: 4*3 

37*6 

58*1 

41*9 

1*4 

1*2 

53*5 

46*6 

(8) 

52*4 

39*8 

i 5-3 

2*5 

92*2 

7*8 

11*8 

1*3 

56*8 

43*2 


43*5 

36*9 

14*3 

5*3 

80*4 

19*6 

4*1 

1*2 

54*1 

45*9 

(10) 

41*5 

34*8 

9*9 

13*8 

76*3 

23*7 

3*2 

1*2 

64*4 

46*6 


U) Berbice (Dr. Van Holst), 1860 

(2) British Guiana (Intern. Exh.), 1862 

(3) . (James Collins), 1868 

(4) Trinidad (J. E. Longden), 1874 

(5) Demerara (E. E. M. Thiirm), 1882 . 

(3) ,, (J, S. Jenman), 1884 


Analysed, 
1886 


Analysed. 

(7) Demerara (J. S. Jenman), 1886 . 1897 

(8) British Guiana (Col, & Ind. Exh.), 

1886 „ 

(9) Surinam (Tubergen & Daam), 1896 „ 

|(10) Mostly British Guiana (various) 

Importers, 1889-94 * . , 1889-94 


* Average of ten commercial lots representing 50 tons, 


Action of solvents aoid Spirits of turpentine, and more especially 

benzine and carbon disulphide, dissolve it completely in the cold state. It with- 
^ands caustic alkalies like gutta percha and rubber, likewise hydrochloric acid. 
But sulphuric acid attacks it, carbonising it. Nitric acid transforms it into hydro- 
cyanic and formic acids.* If Balata resists acids less energetically, Rousseau rightly 
attributes this fault to the balata being always impure and charged with putres- 
cible milky juices. Examined by the polariscope, balata, like gutta percha, ex- 
hibits in a very high degree the beautifid phenomenon of prismatic decomposition 
especially after having been strongly pressed. But what essentially 
.dinerentiates balata from gutta percha is the way it behaves under the action of 

4 A sample with 1=1*16 had a density of 0*9715 (Obach). 
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atmospheric agents. We know the transformations which gutta undergoes in con- 
tact with light and the oxygen of the air : its surface resinifies rapidly, and it is 
transformed into a dry, brittle substance. This transformation penetrates from 
the surface into the interior of the, blocks, and the whole very soon perishes. 
It is not so with balata, which, under similar influences, resists their destructive 
action admirably, and for a long time. 

Inmlating properties . — As to the insulating resistance of balata, the authors 
assign to it an" average specific resistance, and allow it to take a high jdace in the 
series of commercial gutta perchas. At the ordinary temperature it rather 
resembles a horny substance; it softens even at 49° G. (120*2° I".), and can then be 
made to assume any shape, or receive any imprint. 

.If in Table CXX. two specimens are disregarded, says Obach in valuing the 
balata from his analysis, there is not very much difference between the other 
ones as far as the ratio between pure gutta and resin is concerned, the quality 

q varying only between 4^ and 5, S' = larger amount of water which the 

commercial materials enclosed in comparison with the other specimens, is partly 
to be explained by the circumstance that the former were mostly analysed shortly 
after they arrived in London, whereas the other specimens had been in museums 
for many years before the analysis was made. The quality of the commercial 
balata as represented by Nos. 8, 9, and 10, is superior to that of any of the special 
samples 1 to 5. (The quality is expressed by dividing the percentage of resin by 
10, fractions of a per cent., - J, -g-, f being represented by a, 2>, c, see Table XCV.) 


Table CXXI. — Balata Collected in and Exported erom British Guiana, 

1885-96. 


X885. 

1886. 

1887. 

1888. 

1889. 

1890-91. 

1891-92. 

1802r93. 

1893-94. 

1894-95. 

1896-96. 

Total. 

Gwts. 496 

606 

723 

2219 

3245 

2025 

1039 

2120 

1832 

1867 

1424 

17,696 

£2113 

2979 

3498 

14,069 

16,652 

10,078 

6807 

11,296 

8283 

11,484 

8923 

06,182 

Per lb. ^ 
in V9'13 
pence J 

10-54 

10-37 

14-17 1 

10-34 

10-66 

14-05 

11-42 

9-69 

1318. 

13*43 -J 

Av. val. per 
11). 11*69 
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CHAPTEE VI 'I 

MEGHAISriCAL TREATMENT OF GUTTA PERGHA 

Like rubber, but more so, commercial gutta perclia which comes to market contains^ 
in greater or less quantities, a certain number of impurities, such as sand, soil, 
wood, bark of trees, either fraudulently added by the collector with a view to fraud, 
or because the imperfection of the available collecting processes did not allow him 
to do better. Before employing it for any purpose, gutta percha must be i)urified 
and freed from all sorts of inert matter, which might give rise to serious inconveni- 
ence during the ulterior transformations which the substance has to undergo. 
These purification processes are very simple, but rather numerous : manufacturers 
do not use them all, and, according to the nature of the raw material and special 
exigencies, one or more ojjerations may be eliminated. Thus, in the making of 
different laboratory apparatus, it is possible to dispense with almost all the pro- 
cesses of purification, wJiilst in the making of submarine cable dielectrics we cannot 
multiply too many times the method of purification. Inspired by the researches of 
Heinzerling, Siemens, Wunschendorff, Obach, and Bobet, we shall follow step by 
step aU the purification processes. 

PrelimiTiary ivorh — Operations are commenced by dividing the crude gutta 
percha into rather small fragments by a play of knives, or by a circular saw, but 
not without having previously softened the gum in a little hot water ; for this 
purpose many factories still use at the present day the cutting machine patented 
by Hancock in 1847, No. 11,575. Fig. 127 shows a front view (I.), a side eleva- 
tion (11. ), and a section along a line a h (III.). This machine is nothing other 
than a kind of turnip sheer, the principal organ of which consists of a circular 
cast-iron or liard wooden plate or disc B mounted on tlie frame A A. The 
plate is pierced by three slots, in one part of which are inserted, like the cutting- 
iron of a plane or spokeshave, three radial knives, slightly inclined and projected 
sHghtly on the plane of the plate. The latter turns on the end of a shaft 
driven by a belt from a steam-engine or by any other gearing. The speed is 
regulated as required, and generally the plate makes 200 revolutions a minute 
against the sides of a cast-iron inclined table 2?, which serves as a hopper. When 
the machine is in motion, the lumps of crude gutta percha fall down an inclined 
shoot against the knives, by which they are cut into slices, corresponding to the 
degree of projection given to the knives, and fall into a receiver beneath. . If the 
gutta percha to be shredded is harder than usual, the flat knives are replaced by 
more curvilinear blades, which cut it up better. Then commences the series of 
successive operations which are to transform the raw gutta percha into normal 
gutta, 'percha. 

'’The fragments in the receiver are freed by hand (hand-picked) from the 
coarser substances present. They are then collected, placed in an iron tank filled 
with hot water, which a steam coil maintains at the right temperature, and in 
which a mechanical agitator is constantly kept revolving. A part of the impurities 
falls to the bottom of the tank, the pieces of softened gutta percha float to the 
agglomerate into a compact mass, which is fished out by a perforated metallic 
shovel, and carried to the mincing machines and washers. Hancock was the first 
to invent a well-conceived arrangement for conducting these operations system- 
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atically. British Patent, 11,550, 10th February 1847. T (Fig. 128) is a large 
reservoir divided into three compartments The water level in ,the com- 
partments. is higher than in the compartment tK Three rolls, turn 

transversely to the reservoir and above the level of the water. These rolls are 
fitted with a great number of blades and circular saws with alternate teeth. In 
front of these crushing rolls are a pair of fluted feed rolls. The softened gutta 
percha from the table IF is fed into the pair of fluted feed rolls FK IF is an 
endless web rolling round two cylinders ; the lower part dips into the compartment 
t\ whilst the upper part communicates with the crushing roll A second 
endless web is arranged similarly, to bring the material to the crushing roll 
F. The mincing cylinder /l is similar to the machine which in paper mills is 
used to shred rags. It is fitted with blades 8.11 over its circumference, and turns 
around an arrangement of edge plates fitted with similar blades. These are so 
fixed that the blades of the cylinder shall im revolving come into such close 


I 




II 




III 



n III 



Fig. 12.5. —Machine for cutting up'raw gutta percha {slicing macfiim) (Hancock’s system). 

parallelism with them as to produce, by their approximate conjunction, a scissors- 
like bolt of action. This mincing roll is so fixed as to be opposite the bottom of the 
rolls F^ F^ F, and is always half immersed in the liquid of the comijartment F, 
The two series of blades of the mincing roll act like scissors, and do not leave a 
particle intact that comes in contact with it. The mincing roll F is likewise 
provided with an endless web Il\ and two feed rolls. Jf is a rotary mechanical 
agitator, wholly immersed in the water of the tank. Finally, a revolving endless 
web dipping to the bottom of the tank, divides the compartment into two 
sections. The second section of this compartment is fitted with a series of 
rollers R R R, mounted over this after-part of the tank, so that the under 
rollers revolve in the water and the upper just free of it. Under each of these 
set of rolls is a bench or table. The feed rolls, the rolls connected with the 
endless webs, and the rolls R i?, move round from left to right, whilst the crushers 
F F'^ Fy the mincing cylinder A, and the rotary agitator move in an opi)osito 
direction. The speed of the crushing rolls and the mincing cylinder should be 
equal to about 600 tq 800 revolutions a minute; whilst that of the feed rolls 
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and tlie endless webs should only be driven at a speed six times less. The first 
series of rollers R R need only turn at a speed of fifteen to twenty turns a minute, 
whilst the last pair may revolve at a great speed, so as to give more tension to 
the substance. The first crusher reduces the raw gutta percha to small frag- 
ments, and thus eliminates a considerable quantity of earthy matter and other 
extraneous substances. The whole falls into the water of the compartment //. 
There the particles of pure, or almost pure, gutta percha fioat, whilst the impurities 
fall to the bottom of the tank. The endless band seizes hold of the floating 
gutta percha, brings it to the feed rolls of the secoard compartment, ‘and causes 
it to pass into the second crusher The gutta percha coming from the surface 
of the water of the compartment is carried by the endless web to the feed 
rolls, then to the crusher and is thus crushed a third time so as to free it 
from all impurity. The web seizes it and brings it to the mincing cylinder 
/l, revolving at full speed, where it is ground into extremely finely divided 
fragments, and from which it falls into the liquid in the compartment The 
rotary agitator* M beats it continually in the water and finishes the purification. 
The revolving endless web If conveys the purified gutta to the rollers EBB. 
From the last of these rollers it is taken by an endless web 0 to a i)air of metal 
pressing and finishing rollers set to the size required, where it is 

laminated and freed from all interstitial water. Passing over the topmost of 
these rollers Y^, and over a wooden drum Uj it is wound on the taking-up roller 
V. Contrary to certain authors, the water in the tanks should always be cold ; 
if the gutta percha should have an abnormal^smell, which is very often the case, 



Fig. 126 . —Section of breaking, mincing, and rolling machine and washers (Hancock’s 

syatem). 


it would be prudent to add a little bleaching powder. According to Maigne, 
there is another process having some analogy with the preceding. After having 
cut the lumps with a constantly moistened circular saw into irregular prisms, 
these prisms are submitted to a mincing machine like the preceding, with blades 
and circular saws with strong alternate teeth, on which a dribble of water 
constantly fiows. The pulp thus obtained is washed three times in cold water, 
in the same number of vats, through which it is passed in succession, and where 
it abandons foreign bodies, some dissolved in the liquid, the others in suspension, 
or fallen to the bottom. As it is issues from the last vat, the pulp is well cleansed. 
It is then spread on a pavement or on a sloping as^Dhalt floor, where it is left 
to drain, after which it is passed five or six times between the two cast-iron 
cylinders of a set of rolls. ^ These hot rolls are 1 metre (3-28 feet) long and 40 
centimetres (15*7 inches) in diameter, and are heated internally by a current 
of steam, and continually moistened on the outside. They deliver the gutta 
percha in the form of a consistent j^aste. The rolls are then adjusted so as 
almost^ to come in contact, so that they can only pass but a very small quantity 
of purified gutta percha between them. They are then put in motion. This 
fresh rolling converts the jDaste into very thin sheets. Two workmen seize each 
sheet as it issues from the rolls, then, by a regulated pull, they stretch it so as 
to double its width,^ whilst at the same time they remove any small particles of 
wood or bark remaining in the paste, which are then readily seen. The sheets 
thus produced being thin, dry rapidly in the air. When they have lost nearly 
all their water, they are placed in a shallow pan, heated by a steam coil to 100“ 
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Fig. 127.— Slicing machino or chopper. 


to 115‘'C. (212“ to 239“ P.). By the action of this temperature they are com- 
pletely drie4 and moreover they begin to enter into a pasty fusion, which cements 
all their parts. 

Another process employed more recently in Hancocl^s factory. — The cuttings, 
obtained from the outting-up machine, are run into an iron tank filled with 
water, and heated to the boiling-point. The agitation produced by the steam 
from the steam pipe facilitates the washing of the gum, and frees it from its 
impurities. A mechanical agi- 
tator, in motion, greatly assists 
in the work. The heat softens 
the gutta percha, which aggluti- 
nates in the form of irregular 
balls. These are placed in a 
larger cylindrical wrought-iron 
tank, in which there is a drum, 
fitted with bent toothed claws, 
touching the periphery of the 
cylinder. The drum makes 800 
revolutions in a minute, tears y| 
the gum into threads of extreme 
tenuity, which a current .of 
waterj carries into a vat fixed 
below the tank. Owing to its 
low specific gravity, the gutta 
percha floats, and* the impurities 
fall to the bottom. The floating shredded gum is again softened in water of 
95“ C. (203“ F.), in which it agglutinates, and is again passed through the 
masticator. Instead of mechanical shredding, recourse has . also been had to 
solvents such as carbon disulphide, benzine, chloroform, etc., as purifying agents. 
The gutta percha, softened in the solvents, is introduced into the body of a pump, 
with very resistant sides, in which a piston moves up and down. The bottom 
of this cylinder is furnished with a diaphragm of perforated plates, such as are 

used in the hydraulic presses of 
vermicelli works. These plates are 
arranged in such a manner that the 
calibre of the holes diminish from 
the top jfiate to the bottom, the 
meshes of which are more numer- 
ous. 

Instead of softening gutta percha 
by solvents, it has also been pro- 
posed to proceed to jDurify it by 
fii’st softening it by the action of 
heat, and then passing it in that 
condition into a filter press like the 
j>receding. The jacket which sur- 
rounds the cylinder enables the 
latter to be heated by steam, and 
too soon cooling of the gum is in that way prevented. This system of purification 
is utilised to complete the washing of the gum to be purified. According to 
Wunschendorff, the following is the method adopted in English factories in 
the purification (properly so called) of gutta percha : — The slicing machine (Fig. 
127) consists of a cast-iron drum A, on the periphery of which are inserted 
knives with steel saw-toeth. This drum makes 500 revolutions a minute. The 
pasty mass of gutta which is fed into the hopper B passes between two small 
rolls C and Z>, the one with a smooth, the other with a striated surface, which 
leads them under the drum A, the knives of which shred it into small pieces. 



Fig. 128 . — English washing machine 
(after Wunschendorff). 
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These pieces fall into a large iron tank full of cold water, beaten by an agitator, 
with paddles always in motion. The gutta remains there for two or three hours, 
and is freed from a fresh quantity of its impurities ; it floats, whilst the extraneous 
substances sink to the bottom of the reservoir. After being cleaned in this way, 
the gutta percha is run into a tank of boiling water, and when it is sufficiently 
soft, it is washed thoroughly in a special machine called a washing machine, A 
solid cylinder A, the surface of which is covered with grooves, turns inside a 
hollow cylinder pierced with holes, and itself enclosed in a hollow cylinder C, 



Fig. 129.— Filter press (strainer), English system (after Wunschendorff). 

The gutta percha is placed between the grooved cylinder and the cylinder B\ 
the interior of the two annular cylinders is filled with water heated by a steam 
jet from the small pipe D. The rotation of the grooved cylinder compresses the 
gutta percha against the cylinder j 5, and forces it to spread out. All the portions 
of the gutta percha thus come successively in contact with the hot water, which 
removes the impurities from them. These collect at the bottom of the cylinder 
(7, and are removed by the door E. Gutta percha treated in this way most 
generally contains only very small-sized particles of organic debris, which it is 
preferable to free it from by a purely mechanical operation. Too 2->roloiiged 
washing with water has the disadvantage of incor- 
porating a certain amount of water with the gutta, 
which it is afterwards very difficult to completely 
eliminate. This purely mechanical intervention is 
accomplished by means of the filter press (strainefr\ 
already described. The plant employed in England 
consists of a very thick cast-iron cylinder A, open at 
one of its ends, and in which a ^Diston moves B 
(Figs. 129 and 130), of which the rod G is submitted 
to the action of a hydraulic press, which receives from 
a horizontal shaft, by means of a toothed wheel, 
gearing with a screw part of the rod, a very slow 
movement of translation towards the bottom of the 
cylinder. This cylinder is closed with a strong iron 
plate, pierced with holes, on which is placed a sheet of wire gauze with very close 
meshes. The sides of the cylinder are hollowed (jacketed^ and filled with steam, 
to prevent the gum from solidifying. The cylinder being fiUed with the gutta 
percha to be purified, pressure is applied to the piston, the substance is pressed, 
and forced to pass through the wire gauze, and is collected in the receiver beneath 
the cylinder. When the piston is 1 or 2 centimetres from the bottom, the motion is 
stopped, and the cake in which aU the impurities are collected is withdrawn. Mongin, 
of Argenteuil, has constructed a filter press (Fig. 131) built on the same principle. 



Fig. 130.~Piston of above 
filter press (strainer). 
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Gdrard^s process , — A much simpler purifying process was proposed and put 
in practice by G. Gerard, which he says answers^well. It consists in simply 
treating the crude gutta percha 


with the shredder used for 
rubber. Only, instead of cold 
water, hot water is employed. 
If the process would accom- 
plish the end in view, it would 
evidently be the best, but there 
is every reason to doubt its 
efficiency. 

Drying , — The washed gutta 
percha is placed in the drying 
oven, a steam-jacketed cast-iron 
rectangular case A B C D (Fig. 
132) closed in its upper part by 
a semi-cyliridrical lid A B D^ 
provided with a movable part 
B which can be kept in 
place by solid iron bars. Inside 
the case are two rolls with 
parallel axes, bearing helicoidal 
grooves in opposite directions, 
and turning contrary to each 
other. The gutta, seized between 
the two rolls, spreads into the 
empty grooves, and thus con- 
stantly presents fresh surfaces 
to the contact of the hot air in 
the case. The condensed water 
collected in the bottom, is evacu- 
ated through 0, the expelled 
moisture through F. 

Kneading or riasUcation . — 
Before trying to convert the 
gutta percha thus jDurified into 
industrially wrought articles, it 



is necessary to free it from all 


traces of water, and esjDecially Fig, 131.— Mongin’s filter press (strainer). 


from interstitial air, and to con- 


vert it into a united homogeneous mass. The elimination of air is very important, 
because the presence of the least trace diminishes, if it does not completely sup- 



B 0^^^ C 


Fig. 132.— Section of a drying Fig. 133. — Helicoid grooves of 

machine (after Wunschen- the cylinders of the pro- 

clorfF). ceding drying machine. 


press, the adherence of its different parts. Purified gutta percha, therefore, is not 
employed without having been passed through a masticator, a “devil,” or a “ wolf,” 




884 


GUTTA PERCHA 




I . 



.if i it be not desired to work a defective gutta percha, called in tbe language of the 
trade strawy gutta. 

Masticator , — The purified gutta percha is softened in a double-bottomed cast- 
iron pan by steam, and then passed through the masticator (Fig. 134), consist- 
ing of a cylindrical case laid horizontally, in the axis of which turns a solid cast- 
iron roll, the surface of which is covered with longitudinal grooves in such a 
manner that in a cross-section it exhibits the appearance of a toothed pinion. The 
diameter of the roll is a little less than that of the cylindrical case which envelopes 
it. In turning, it draws with it the gutta percha which has been introduced 
between the two, compresses it between its grooves and the sides of the 
cover, brings the molecules together, and agglomerates and binds them, to each 
other’ whilst the imprisoned air is at the same time expelled. The lower half of 
the cylindrical case is often jacketed, so that a jet of steam may be run in as 
required. The grooved roll is driven round by means of the pulleys and cog-wheels 
shown in the drawing. At the commencement of the masticating process, a current 



Fig. 134. — Leblanc’s masticator. 


of steam is passed through the double bottom, the steam is then regulated so as 
to maintain a suitable temperature, taking care' to take into account the heat 
produced in the mass by friction. After having been masticated, gutta percha is 
ready to be utilised. It is generally passed through roDs, converted into sheets ; 
it is afterwards stored in this form in cellars. 

The kneading machine or masticator as described by Obach resembles the 
washer, but the roller has a smaller diameter and the flutings are more numerous 
and not so deep. The hinged lid is kept down by a bar and suitable catches. The 
gutta percha is kept hot during mastication, and the water escapes in the form of 
steam through the large openings at the top. The washers usually hold f ewt, 
the masticators 1 cwt,, and the strainers J cwt. of gutta percha. 

Obach determined the percentage of water and dirt in various kinds of gutta 
percha ; some of it, about 3 per cent., is removed during the f)reparation for the 
washer, but the greater part is eliminated during the first washing operation. The 
straining hardly affects the percentage of dirt. Straining is in fact more of a 
precaution to avoid large particles of dirt of a fibrous nature being left in , the 
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clean gutta pereha. The second washing operation, that after the straining, is. also 
efficacious as it eliminates about another | per cent. There still remains about 1 ’8 
per cent, of impurities which are allowable for general purposes, but for special 
uses the percentage of impurities has to be lowered to a minimum. 

Lobs , — Like indiarubber the different species of gutta pereha thus suffer an 
appreciable loss during the purification process, varying with the sources and the 
qualities. The loss during cleaning and drying, says Obach, is a heavy one, and is 
occasionally fully 50 per cent. The best sorts generally lose 15 to 20 per cent . ; 
intermediate kinds, 20 to 25 per cent . ; and inferior qualities, 25 to 30 per cent, 
and more. Taking these losses into account, the cost price of the purified gutta 
pereha can be fixed. Thus a substance which is bought raw at 12 francs the Idlo- 
gramme (say 4s. 4d. the lb.), and which during purification loses 20 per cent, for 
example, costs 15 francs the kilogramme (5s, 6d. per Ib.), without taking into 
account the heavy expenses incidental to purification. 

The percentage of gutta pereha actually obtained in the works is invariably 
lower than that shown by analysis. In sampling both moisture and dirt escape, 
and large stones are not included. To counterbalance this, an allowance is made 
of 9 per cent, on the gutta pereha found by analysis or say 6 per cent, on the raw 
material. The | is better with cleaned gutta pereha than with raw materials. The 
analysis extracts resin from raw material and from wood and bark. This does not 
occur on cleaning. Again, raw gutta pereha is more porous and thus more pervious 
to solvent than the denser clean material, the resin, is therefore more completely 
extracted from the former than the latter. 


Table OXXII, — Showing Gutta Peeoha and Waste as pound by% Analysis 

AND AS ACTUALLY OBTAINED ON WOBKS BY MECHANICAL CLEANING 

(Obach). 



I. Genuine. 

11. 

Soundie. 

HI. White. 

IV. Mixed and 
Reboiled. 

Pahang. 

Bulongan Red. 

Banjer Red. 

« 

Kotaringin. 

Serapong. 

§ 

'P 

W 

Mixed. 

‘S’ 

Sarawak Mixed. 

Padang Reboiled. 

Banca Reboiled. 

Average— 













Gutta pereha G- + H . 

70-3 

70*0 

60*7 

74*5 

77 -6 

70*4 

69*6 

64*5 

51*3 

60*3 

56-8 

72-6 

Waste JO + W . 

29*7 

30*0 

39*3 

25*6 

22-4 

29*6 

30*4 

35*5 

48*7 

39-7 

43*2 

27-4 

Ratio g . 

4-3 

2*8 

2*0 

1*5 

1*5 

1*3 

1*2 

1*2 

1*1 

1*4 

0-9 

0*9 

Analytical results — 













Gutta pereha G + R 













proper . 

69-8 

70*5 

61-6 

75*8 

78*9 

72-7 

66*8 

65*2 

58*3 

62*6 

58*7 

74*1 

Waste D + W . 

30-2 

29*5 

38*4 

24*2 

21*1 

27*3 

33*2 

34*8 

41*7 

37-4 

41*8 

25*9 

Ratio ^ ■ . 

4-2 

2*6 

2*1 

1*4 

1*4 

1*2 

* 1*1 

1*1 

1*1 

1*4 

1*0 

0*8 

Actual works’ results — 













Gutta pereha (cleaned) 

65 •? 

64-7 

55-3 

68*0 

74-2 

64*3 

56*4 

64*1 

53*6 

55*5 

65*3 

70-8 

Waste D + W . 

34-3 

35*3 

44-7 

32*0 

25*8 

36-7 

43*6 

35*9 

46*6 

44*6 

44*7 

29-2 

Ratio 1 . 

4-2 

2*5 

2*3 

1*4 

1*3 

1*4 

1*2 

1*1 

1*2 

1*4 

ii 

0*9 

Ratio of G. P. by 













analysis and on 
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Clmmcal purification of gutta percha . — Hancock (Charles) in his British 
Patent (11, 208 O.L.) of 15th May, 1846, steeps raw gutta percha after being cut 
into small pieces in a caustic alkaline lye or in a solution of bleaching powder to 
neutralise acidity and remove any bad smell. If hot alkaline lye is used in the 
washer instead of water, the crude gutta is cleaned far better and is much paler in 
colour, Obach washed a particular raw gutta (belonging to a class which do not 
readily cede their impurities) twice with water, then rolled it out into a sheet and 
analysed it. It contained 12‘Y per cent, of water and I'Y per cent, of dirt. 
Another portion of the same raw gutta percha was washed with a 5 per cent, 
solution of caustic soda, then with water ; on being rolled out into a sheet gave on 
analysis only 5-2 per cent, of water and 0*4 per cent of dirt. Alkaline lyes 
not only lower the percentage of dirt to less than a quarter the amount, but it also 
reduced the capacity for retaining mechanically enclosed water. But the washing 
of gutta percha with hot alkaline lyes or other chemicals must be done wdth care 
and judgment, and the subsequent washing with water must be done very 
thoroughly, otherwise the gutta percha may be damaged and perish within a short 
period. 

Tlbc chemical hardening of gutta percha . — Obach hardens gutta percha by 
extracting the resin from it by petroleum ether extraction plant on a large scale. 
He uses gasolene of 0*65 to 0*67 gravity. He first chops the guttapercha then 
throws it through a screen on to a long drying platform heated underneath by 
steam pipes. It is shovelled along and continuously turned over until it reaches 
the end of the first platform, where it is thrown on to a second and lower platform 
and then similarly moved along to the other end. It is then fairly dry, but to com- 
pletely dry it, it is thrown into a hopper of a long iron drum with narrow shelves, 
which take it round a certain distance, when the drum is rotated and at the same 
time moves it along, since the rotation axis is slightly inclined towards the other 
end. A gentle current of warm air passes through the drum in an opposite 
direction, carries away the moisture given off by the material and so accelerates 
drying. After leaving this drum the pieces enter a sifting drum and the coarser 
jjieces move along inside until discharged at the other end, where they fall into an 
upright iron vessel fitted with a distributing arrangement. But the finer material 
drops on to an endless band and is carried to a bin. The coarse and fine matter 
are thus separated, A galvanised iron tank, fitted with a hinged lid and a movable 
plate in front, and capable of being carried about by an overhead travelling crane, 
is first charged with a layer of coarse pieces from the upright iron vessel, then with 
finer stuff from the bin, and finally with coarse pieces, the depth of each layer de- 
pending on the material. This facilitates percolation during extraction. The 
bottom of the tank is perforated and fitted with wire gauze, when charged^ it is 
doj)osited in one of a series of larger tanka connected up cascade by piping. 
Those tanlcs, after each having received one of the smaller ones filled with raw 
gutta percha, are worked in groups of three. Gasolene from a. large store vessel 
overheated is admitted to Ho. 1 tank of each group and flows over into No. 2 and 
thence into No. 3, filling all three in succession. The circulation of the spirit is 
continued until it is found to be quite clean as it leaves No. 1. This tank is then 
disconnected from the other two and a tank with fresh raw material connected 
with the former No. 3. The former No. 2 now becomes No. 1, and so on. ^ The 
solution from No. 3 is pretty thick, containing a large amount of resin. It is run 
into a tank, and from there in a continuous stream into a large still fitted with a 
steam coil at the bottom. The contents of the still are heated, the spirit distilled 
off and condensed in a suitable cooling arrangement, which delivers it into the 
main store tank in the cellar, whence it is pumped up again into the feed tank. The 
spirit from tank A is run off into the store tank, the ^tta percha further washed 
with clean spirit, then allowed to drain whilst communication still exists with the 
store tank. The inner tank is now lifted out and Brought in front of a large 
masticator. It is laid on its side, pushed into the masticator, and the contei^s 
discharged by withdrawing the side of the tank which now forms the bottom, the 
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masticator having been previously filled with cold water. After removing the 
tank, the large swing door of .the masticator is closed. Steam is turned on and 
the roller set in motion, so as to knead the gutta percha whilst the solvent is being 
distilled off. When the distillation ceases the remaining vapours are blown over 
into the condenser by steam, the masticator is then opened, the gutta percha taken 
out and washed in the usual way with water, or if necessary with an alkaline 
solution. The distillation of the resinous solution is carried on until the contents 
of the still have become very thick and the solvent in consequence distils over only 
tardily. The supply of fresh solution is then interrupted, the valve between still 
and condenser closed, but the heating continued until a certain pressure has been 
produced by the vapour, which is then utilised to force the contents of the still 
into another still situated at a safe distance outside the building, where the heavier 
parts of the solvent are distilled off by direct fire heat. The contents of the still 
are then discharged through a kind of treacle valve and run into barrels or other 
suitable receptacles for further lise or sale. All the various tanks are connected 
by a system of steam pipes and air pipes, provision being made that flames cannot 
spread from one to the other in case of fire. The main pipe of this system is 
finally carried to the vessel containing the coarse pieces of dried gutta percha (two 
of these vessels are used alternately). The air in passing through the gutta percha 



, Fig. 136. — Mixer with- three cylinders at work in Messrs. Siemens’ factory, London. 


before being discharged into the open is thus deprived of all vapours, which is very 
desirable for safety as well as economy. Obach describes an exi^eriment to 
demonstrate the efficacy of the hardening process. Two pieces of raw gutta percha 
are cut from the same block j one piece is kept in its original condition, but the 
other is heated with petroleum spirit to extract the resin as completely as possible, 
and then freed from the resin in vcicno at a slightly elevated temperature. A large 
vessel containing water is heated on a sand bath until the water acquires a tem- 
perature of 50 per cent. A smaller glass beaker also containing water is immeised 
in the outer vessel, and its contents therefore have practically the same temperature 
or if it should be different a slightly lower one. The original matter is now thrown 
into the inner vessel and the hardened one into the outer, and they are left there 
for a short time until they have acquired the temperature of the water. The piece 
of treated gutta percha is then squeezed between the fingers, but it resists the 
pressure as it is still quite hard. The same test is applied to the original material 
inside the beakei*, and it will be found to be quite soft and plastic. 

miximj of <fntta Purified gutta percha is often mixed with other 

substances, either to lower its cost or to make it harder and more resistant, ihe 
substances most often used are chalk, sulphate of lime, sulphate of baryta (barytes), 
asphaltum, oxides of zinc and of lead, etc. etc. By varying the proportions am 
the nature of the substances incorporated with gutta percha, products ot vaviab e 
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consistency are obtained, which are for the most part firmer, but very inferior to 
the primitive product. By adding a certain amount of caoutchouc, its suppleness 



Fig. 138. — Mixer with three cylinders at work in Messrs. Sieinens’ factory, London. 

and elasticity are, on the contrary, increased. An infinite number of substances 
may be incorporated with gutta percha, and from that fact alone it will be easily 
perceived that an infinite number of mixtures, endowed with different properties, 








MECHANICAL TREATMENT OF GUTTA PERCH A 389 

may be obtained. The incorporation of accessory substances with gntta percha 
may be done during mastication. The purified gutta percha is first masticated 
and wought in the machine until it is well softened. The substances m toe 
powder are then gradually introduced into the masticator, which is put in motion, 
and made to act until the mass becomes homogeneous. This process of mixii^, 
or mastication, has the disadvantage of not always completely eliminating the 



air-bells Now for certain uses, such for example as the manufacture^of sub- 
marine cables one of the essential conditions of iierfect success consis s in 
totetournaste free from all traces of these air-bells. TheSmasticator shown 
in Fig 134 hL been designed with this end in view. Like the ordinary masticator, 
this mLhine consists of a steam-jacketed cylindrical vessel, but instead of 
Eng Srone grooved cylinder it is provided ^vith three of these organs. The 
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masticating cylinders are much less in diameter than the interior periphery of the 
vessel, and each of them is furnished along its length with a cutting blade, fixed 
somewhat crosswise, and slightly twisted. This blade does not touch the sides 
of the vessel, from which it is always 5 centimetres (say 2 inches) apart. A 
driving shaft gears on to the cogwheel fixed at one extremity of the cylinder, and 
imparts to it a speed of twenty-five revolutions a minute. Each of these masticat- 
ing cylinders is arranged in such a w^ay that its driving wheel is in an opposite 
direction to its neighbour. The cylinders therefore revolve in . opposite directions, 
in direction of arrows. Their relative speed against one another is about 4 to 
5. It is in this arrangement that" the economy of the machine consists, for, whilst 
the cylinders work with different speeds, the cutting edges meet each other at 
each revolution in different places, and cut the gutta percha each time at a fresh 
spot. As soon as cut, the substance is pushed through the empty space which is 
produced between the blade and the cylinder as far as the centre, where it is 
again cut, finally going to the. right or to the left, where the wings of the cutting 
blades raise it up on to the cylinders, so as to cause it to again fall to the centre. 
In this way the gutta percha never remains agglomerated into a single mass, and 
is always being cut, now on the one side, and again on the other ; it is masticated 
throughout, eliminating any small air-bells which it may contain. This process, 
it is said, yields a perfect gutta percha, whilst it only takes half as long as the 
ordinary process. The cylinders are hollow, so that the substance does not 



Fig. 140. -—English rolling mill (after Wuuseliendorff). 

become adherent during the process, and a current of cold water is jmssed through 
as required. As it comes from the masticators, gutta percha is ready for 
industrial use, whether it be used directly, • or f after it has been converted into 
sheets, by being rolled, and in that form subjected to ulterior operations. 

Lamination or rolling , — The soft gutta percha from the kneading machines 
is laid on a table in front of a pair of parallel rollers. It is then fed between the 
two very smooth rolls, turning in opposite directions ; the substance passes through 
the free space between the two rolls, and is caught by a long endless web, of the 
same width as the rolls on which it travels, some distance to and fro, until it is 
sufficiently cool and hard to be sent into the shorter lengths for storing. The 
thickness of the layer of gutta percha is about 2 centimetres (say | of an inch) ; 
it is cut into pieces of 30 to 40 centimetres (say 11*8 to 15*7 inches) wide, so as 
to form sheets which can be stored in the cellar, protected from the air, light, and 
dust, until required for use (which gives to inch thick and 6 feet in length as 
suitable dimensions). 

French methods , — The English method of imrification has now been given 
with full details. French manufacturers, whilst seeking a high degree of 
perfection in their products, aim at more simple methods. At Benzons, gutta 
percha, as it comes from the mincing machine and simply re-heated, is brought’ 
direct to the filter press, and from there into the washing machine called the 
Trwna/n (Fig. 143),^of quite a special arrangement (British Patent, 637 ; 1861). 
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This washing machine consists of three rolls, of about 10 centimetres (say 4 
inches) in diameter, arranged at intervals of 120“ round a central axis, .to which 
they are fixed by cast-iron cross-pieces, and driven by the general horizontal shaft 
of the factory. The axis turns with the three rolls, inside a hollow cast-iron 
cylinder, furnished with a lid, which is pierced by two large holes i2, which may 
be firmly fixed on the cylinders. The whole is enclosed in a large wrought-iron 
case M F 0 Py filled with water. The gutta percha, pressed by the rolls against 
the cylinders, constantly presents fresh surfaces to the contact of the water, and 
abandons a portion of its impurities, which fall to the bottom, whence they are 
withdrawn when the operation is terminated. The gutta percha is treated for 
two hours at least in the machine, and then wrought in the drying masticator, 
which is in every way analogous with the English drying machine. The grooves, 
however, are interrupted on the cylinders at intervals of 10 centimetres (4 inches), 
so as to force the material in contact with the air to renew itself more frequently. 
As it issues from the masticator, the gutta goes directly to the rolling mills. In 
Menier’s factory at Grenelle, the rolls of the laminator are very close to each 
other, so as to produce very thin sheets, which are exposed to the air for seven or 
eight days, so as to dry completely. These sheets are then re-masticated, and 



passed through a second rolling mill, which yields cakes for warehousing. This 
gutta contains less water, but it is more liable to oxidation. 

Pleaching of dental gutta percJia . — The dental profession utilise gutta percha, 
not only as a mastic to fill the gaps due to caries, but also to make mouth-plates 
for artificial teeth. The substance ought to be perfectly white for this special use, 
and it will not be out of place to know the different bleaching processes adopted. 
In a close vessel 500 grammes of gutta percha are digested with 10 kilogrammes 
of chloroform (say | lb. of gutta percha and 10 lb. of chloroform). When the 
substance is entirely dissolved, 200 to 300 grammes of water (say 3 to 5 oz. for 
the above English proportions) are added and energetically stirred, and the mixture 
abandoned to itself for a fortnight. All impurities collect on the surface of the 
water, floating on the chloroform. The clear limpid solution is drawn off into a 
porcelain dish, fitting into a copper still made for the purpose. After covering the 
liquid with a small layer of pure water, water is run into the still up to about the 
third of the exterior height of the porcelain dish, and the chloroform is distilled off. 
The white, slightly yellowish, rather honeycombed residue consists of purified gutta. 
Sometimes, before distilling, the solution is treated by animal charcoal, which 
makes it still more white. This honeycombed mass is masticated so far that it 
may be made into very homogeneous sticks, which, preserved for some time in ether 
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or alcohol, become more and more decolorised, and end by taking a white, 
diaphanous appearance, like the best ivory. All trace of chloroform must be 
eliminated, otherwise the giitta percha will become brittle. 

' Another process , — One part of fine gutta percha is dissolved in 20 parts by 
weight of hot benzol, and part of plaster of Paris, After digesting for two 
days, the perfectly limpid, lic[uid portion is decanted, then j)oured into twice its 
volume of 95 per cent, alcohol., The gutta percha is precipitated as a white, 
brilliant, rather soft mass, which is collected, masticated, and preserved in ^ blocks 
in a place free from all contact with dust and hght. If it be desired to imitate 
the natural rose colour of the gums, one part of cochineal carmine for 800 to 900 
parts of gutta percha is crushed in a little water, thickened with gum arabic, and 
the product mixed with the chloroform solution before distilling. The distilla- 
tion residue takes a uniform rose tint when masticated. 

Eedaniatiorb of gutta percha ivaste . — The processes for reclaiming gutta 
percha waste, whether from old objects, worn out through long use, or whether 
simple factoiy waste, are very simple. Certain precautions must, however, be 
taken if a really practical result be desired. All old articles are not equally worth 
reclaiming, and it would be better to neglect some of them altogether. Thus 



Fig. 142. — Masticating drying maeliiiie (after Wuiischendorlf), 


bottles which have been used to hold acids for some time, and chiefly hydrofluoric, 
are worthless. They cannot be again “cured,” according to the tyincal ex]3ression 
of Guillot, one of our most skilful practical men in this class of industry, who, 
with -his usual courtesy, has been good enough to initiate the authors into the 
little secrets of his manufacture. It Is the same with certain iDhotographic dishes, 
which, after a certain time, resinify completbly. It is then impossible to soften 
them so as to utilise them again. One of the best kinds of gutta percha waste is 
that from spindles for w^eaving, whether' it comes from spindles discarded by 
too long use, or whether it consists of cuttings originating in the manu- 
facture of these appliances. In regard to waste wires of electrical conductors, 
a previous sorting out is necessary, some being really of superior quality, others 
being prepared with , very inferior guttas, often mixed with vulcanised rubber. 
The latter sorts are reclaimed with exceeding great difiiculty; and the industrial 
.results obtained are of little commercial value. The best , thing to do with waste 
.of this nature is to heat it in water to which a little caustic soda has been added, 
then to swell it in benzine or spirits of turpentine. In this condition it is passed 
to the filter press. The solvent employed is evaporated at a rather low temperature. 
The product obtained is .used as an adjunct in a fresh manufacture of the same 
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kind. However, the reclaimed waste is far from being equal in value to that 
about to be described. The following is. the process generally adopted to work up 
gutta percha waste of a good quality : — The manufacturer having- a lot of known 
value and composition, softens it in ordinary water at about the boiling-point. 
If the gutta percha be not too resinified, this softening is soon accomplished (in 
about one hour). In the contrary case, the time required is longer, and propor- 
tional to the alteration. The suflSciently plastic substance is taken from the pan 
by a shovel, and thrown on the floor, lined with a piece of tinned sheet-iron, in 



Fic4. 143. — Masticator, Bertram, Leith. 

front of a set of double rolls, capable of being set at various distances. After 
having sufficiently moistened^the rolls, to prevent adherence, the very hot paste 
is passed several times between the rolls, passing them each time in a direction 
-contrary to that of the preceding passage, so as to obtain the greatest - possible 
homogeneity, and leaving a sufficient space between the rolls for the cake to pass 
through with such rapidity that it has not time to get cool. As it comes from the 
cylinder, the gutta percha is each time rolled upon itself so as to form a rather 
bulky block, which the workman receives on his table, or which he seizes by hand, 
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to again pass it througli. Finally, the roUs are squeezed near to each other, and 
the cakes obtained are passed through a second time, but this time without refold- 
ing the sheet on itself, but alloT^ing it to s^Dread out in a flat “ pig ” on the sheet 
of tinned iron below the rolls. Unless the waste so reclaimed be intended to be 
used forthwith, the sheets are stored in a place protected from air, light, and 
moisture, to be sold later on, or made into articles of manufacture. In the latter 
case, whether the waste be used alone, or whether it be mixed with fresh gutta 
percha, the sheets are again softened in a bath of hot water, and passed between 
the laminating rolls, but this time, after being spread between two sheets of tinned 
iron, which pass between the rolls at the same time as the gutta percha, to be 
rolled. The sheets of reclaimed gutta percha are thus uniformly extended between 
the sheets of tinned iron, and the desired thickness is obtained, regulating ap- 
propriately the distance between the rolls. Gutta percha waste (generally black) 
loses its colour more and more after a prolonged passage through hot water, and 
reclaimed gutta percha thus acquires a chocolate brown colour, which becomes less 
and less intense. If, finally, the waste be much oxidised, it is better to use, 
instead of ordinary water, water rendered alkaline by a little caustic soda. It is 
necessary to conduct this operation with great caution, so as not to deteriorate the 
substance. 

The so-called vulcanisation of gutta ]percha.-^ln a number of treatises in the 
special literature of the subject, processes for the vulcanisation of gutta percha are 
treated with the greatest of seriousness. That it was attempted, in the first 
moments of infatuation, to apply vulcanisation to gutta percha may be readily 
conceived, but it is incomprehensible how chemists of the standing of Heinzerling 
could, thirty years after the first attempts, still describe the early formulae, although 
they knew perfectly well that the action of sulphur and halogens, far from having 
a satisfactory action on gutta percha, are, on the contrary, injurious to it, and can 
only compromise the value of a substance the selling price of which is already 
sufficiently high, without spoiling it foolishly and unreasonably. Heinzerling, after 
having described at length what has been attempted in this connection, concludes 
with this melancholy phrase, which well depicts the small confidence which he 
accords to these processes : “ Fe have given these processes of vulcanisation to he 
complete^ hut we cannot believe that at the present time any one still malces articles 
of vulcamised gutta percha.^^ It will be well to pass the unfortunate experiments 
silently. Homogeneity and plasticity being the principal qualities to exact from 
gutta percha, too great care cannot be taken to prevent the introduction into it of 
a body which would diminish this homogeneity, and which would deprive it to a 
great extent of its plasticity.^ 

^ Fayol, Le Gaoutchouc, 1909, p. 122, treats the vulcanisation of gutta percha quite 
seriously. He says “it is washed, scoured, reduced to sheets, masticated and laminated, 
then it is vulcanised with 2 to 3 per cent, of sulphur ; it is also vulcanised with orpiment. 
This operation renders it less fusible and gives it more resistance towards acids. 



CHAPTEE VII 

METHODS OF ANALYSING GUTTA PEECHA. 

Crude gutta percha.—l^ there any need of insisting uj)on the necessity for a 
method of analysing commercial gutta perchal As in the case of rubber, the 
principal physical properties characteristic of each of the principal comniercial 
varieties are given in a synthetic Table ; but such data are not sufficient when it is 
a question of important purchases or delicate work, such as covering the insulators 
of electric wires, and especially of those of submarine telegraph cables. If it bo 
useful for manufacturers to know (a) the precise quantity of water exceeding the 
normal, {h) the total amount of the inert substances, accidentally or intentionally 
interposed, (c) the quantity of oxidised or resinified gutta, the total amount of, 
ash which would be produced on incineration of each of the varieties on the market, 
it is also necessary to know, (e) at least approximately, the quantity and nature of 
the foreign resins incorporated intentionally into gutta percha (1) to lower tho 
price, or (2) rather to increase the profit of the collector, the native merchant, tlie 
middleman required between the working collector and the merchant of Macassar 
or Singapore. If a determination of (/) its tensile strength is likewise useful, tliero 
is still a more indispensable test when it is a question of making wires for sub- 
marine cables, namely, {g) the specific electrical resistance of any given sample of 
gutta percha. 

^ 1. Sampling and moisture determination . — The methods pursued are those de- 
scribed for the^ analysis of crude rubber. Montpelier, chemist of the French 
Telegraph Administration, prescribes that, in the estimation of water, the gutta 
percha to be tested should be dried at 100“ to 110” C. (212” to 230“ F.) in a 
current of carbonic acid. The oxidation of the gutta percha is thus prcventcid, 
and there is no reason to fear an increase in. weight which may exceed that of the 
water evaporated. Water can be determined with sufficient accuracy for most 
practical purposes by gently heating a weighed quantity first in the open air and 
then in vacuo over an absorbent substance until no further loss occurs, but some- 
times it has to be ascertained by direct weighing. Obach, in the analysis of cleaned 
gutta percha, heats the gutta percha in a current of rarefied air or hydrogen, and 
absorbs the moisture in sulphuric acid in a weighed U-tube. The gutta percha, 
preferably as a thin sheet, is cut into small pieces and divided into two portions \ in 
one the water is determined by heating in a current of rarefied air or hydrogen, Lid 
absorbing the moisture by sulphuric acid in a weighed U-tube ; in the other portion 
resin, gutta, and dirt are determined. 

2. As?l— The ash in pure gutta percha should not exceed 0-570 per cent. 

3. ^ Valuation from analytical results. — Finally, according to the numerous 

experiments of Lagarde, the gutta perclias used as dielectrics having a maximum 
of 0*50 per cent, of mineral matter and 5 per cent, of water arc held to lie good 
when they contain at least 58 to 60 per cent, of pure gutta, and very good with 
65 per cent. ® 

4. Adventitious vegetable aifid mineral matter . — These arc determined in the 

lumps as in the case of rubber, but, instead of spirits of turpentine or benzol us 
solvent. It IS preferable to use carbon disulphide and toluene, dissolve ‘nitia 

percha better than all other vehicles. ^ 


305 
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5. Eesin, — This is one of the most important points in the analysis of gutta 
percha, namely, the determination of the oxidised resinous principles which are 
naturally jiresent in the sample, and the amount and nature of the resins ac- 
cidentally added for some purpose in one way or another. The j)oint is difficult 
and complex, and, without completely solving the problem, the following are some 
useful hints : — The method of preparing pure gutta and separating it from fluavile 
and albane furnishes the most natural analytical method for determining the 
amount of the oxidised products which - always accompany gutta percha. This 
amount varies with the nature of the plant, its age, the soil, and, finally, with the 
more or less recent date of the preparation of the gum resin. But this process, 
based on the prolonged boiling and repeated washing of the finely divided raw 
product in 95 per cent, alcohol, has the drawback of extracting a little gutta percha 
in the alcoholic solutions, and cannot be regarded as rigorously exact. The boiling 
alcoholic solution 'contains, besides albane and fluavile, the foreign resins used to 
sophisticate the commercial product, as well as the oxidised resins due to contact 
with air and light. The following is the method adopted by the authors in 
the analysis of a commercial gutta percha whose abnormal structure, colour, and 
smell pointed to an . evidently adulterated gutta percha, and which had certainly 
become oxidised after its preparation. By the previously described process there 
was found in the sample analysed — 

Abnormal water . , . . 4*6 per cent. 

Vegetable debris and mineral matter . 3’0 ,, 

P;ire gutta . , . . 68*0 ,, 

The boiling alcoholic washings were allowed to stand for five days at a tem- 
perature of 10® C. (50® F.), then repeatedly filtered until the filtrate was perfectly 
limpid. The granular precipitate, which consisted of albane and fluavile, dried 
during eight days in vacuo^ yielded 12 per cent, and consisted, according to all 
known reactions, of the two proximate principles, fluavile and albane. The 
evaporation of the mother liquor — consisting of alcohol, and of resin, whether of 
spontaneous oxidation or added, dried in vacuo, and protected from air and light — 
yielded a residue similar to an amber-yellow varnish, almost transparent, rather 
soft and tacky, weighing 12 per cent This residue, redissolved in weak alcohol 
(50 per cent.), and treated with caustic soda, after one and a half hour’s boiling, 
only left an insoluble residue of 8 per cent, whilst the soda solution had evidently 
absorbed about 4 per cent, (resin soap). The 4 per cent, of residue dissolved by 
the caustic soda may be regarded as the product of the spontaneous alteration of 
the gutta percha, whilst the 8 per cent, appears to come from a resinous substance 
added purposely. This substance — very difficult to dry, rather like glue, of a 
straw-yellow colour — burned with a very smoky flame, and gave off a characteristic 
smell rather similar to that of Borneo caoutchouc. 

ObacNs methods for analysing gutta percha — 1. Determining redn, — The resin 
is extracted by means of cold ether, the solution distilled, and the residue carefully 
heated and weighed. (The gutta and dirt remaining after extraction of the resin 
are dried in vacuo and weighed so as to check the other result.) 2. The determinor 
tion of gutta. — ^The gutta in its turn is then dissolved in carbon disulphide or 
chloroform, the solution filtered, and the solvent distilled off. The gutta so obtained 
is dried in vacuo, and weighed and then softened, and pressed into the form of a plate, 
which is tested for elasticity and strength. 3. Dirt.’— Ho facilitate the separation of 
dirt from the gutta solution, the latter is centrifuged, or it is mixed with alcohol 
or water, according as the solution has been made in carbon disulphide or chloro- 
form respectively. In standing the two hot liquids separate again, and the lighter 
one rising to the top carries the dirt with it, the clear solution can then be drawn 
off at the bottom. In this way results can be obtained which are sufficiently 
accurate for most practical purposes, although, scientifically speaking, they are not 
correct, as the resin is not completely separate from the gutta, and the latter still 
contains a certain amount of colouring matter. However, these disadvantages are 
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more balanced by the great convenience of this method^ for daily use in the 
laboratory in comparison with the other method of precipitating the gutta 

with alcohol. ^ i 7 • 

Determining the percentage of resin in gutta by the d&iisity oj the ca'.- 

tracted solution . — Where only the approximate i)ercentage of rcsiu is required, 
Obach elaborated a process based on the increase of the si.>ecific gravity of a solvent 
ether, for . instance, through the presence of resin. The aj^ijaratus confSists of two 
glass tubes closed at] their lower ends and fitted with rubber stopi)er through 
which pass the two ends of a narrow glass tube bent in the forin of a H* -A. 
weighed quantity of gutta percha, cut into very small pieces, is put into oiie of the 
larger tubes, and a measured quantity of ether into the other. The ether is forced 
over into the first tube, and left for a certain time in contact with the gutta percha. 
It is then driven back, and its specific gravity measured with a special liydroiuetor 
which is provided with a thermometer. The apparatus stands in a wooden ])ox, 
with glass windows back and front, so as to ensure uniformity of teinijonituro, and 
special precautions have to be taken to guard against loss by evai)oration, etc. 
The percentage of resin can be read off directly from the increase of gravity by 
special tables. With a less volatile solvent the viscosity might also afford useful 
indications. 

Gutta perchas in which the percentage of rosin reaches that of gutta, or oven 
surpasses it, are of a decidedly inferior description. However, if the relative pro- 
portion of gutta and resin forms an important criterion for estimating the com- 
mercial value of a gutta percha, yet this in itself is not sufliciont. Even ptitting 
aside for the moment the variable corajposition of the resinous comptmeiits, there 
are, says Obach, guttas and guttas, and although the ultimate analysis of two 
different specimens may give exactly the same result, the jdiysical and mechauical 
properties, and most important of all, the durability may widely diffeiy owing to 
a difference in their molecular constitution. It is therefore absolutely indispensal)]©, 
in addition to the quantitative determination of the coinj^oiients, to scrutinize tlie 
gutta itself, which, it need hardly be said, requires much judgment and experience. 


Table CXXIII. — Insulation in Megohms and Induction in Michoeaiiadh vm 
Cubic Knot op Vabious Brands op Gutta Pebciia with Low anj> Hrcn 
Percentages op Water (Obach). 



I. Geiinice. 

! 

11. Soondie. i 

! 


Pahang. 

Banjtr Retl. 

Pagan. 

Kohiriiigiu. 

Water per cent. . 
Insulation . 

Induction . . . i 

1-6 

6,173 

•5480 

6*5 

6,480 

•0676 

1-4 

6,427 

•560 

5-2 

5,625 

•0692 

1-7 

7,950 

•0521 

7*:3 

4,350 

•0682 

0-8 ^ 7*2 

7,730 1 6,080 
•6080 ! *0662 ' 



III. White. 

! 

Mixed and lieboiled. j ' 

i ; 

. Banjer. 

Boluugan. 

Sarawak Mixed. Baiica licboilotl. ! 

i 

Water per cent. 
Insulation . 

Induction 

0*6 

10,410 

■0556 

7-1 
6,454 
•0898 1 

0-9 

57,910 

•0575 

11-2 1 

39,030 

•0890 

1-1 

•24,250 

•0664 

i 

7-0 1-0 ! 10-0 ‘ 

24,250 82,320 1 68,020 ; 

•0718 -0648 *0753 i - ; 


Mechanical testing of gutta-percha . — As to resistance tests tea detennined 
hey should be conducted accoi’ding to the method given for vulcanised rubber. 
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TJie difference in the nature of the two substances must, however, be taken iutc 
account. Rubber may be pulled in any direction,' whilst gutta percha offers no 
resistance in a cross direction, and can only be pulled longitudinally. 

Calculation of specific electrical resistances* — Before describing the most simple 
methods for ascertaining the specific resistance of different varieties of gutta percha, 
it will be well to recall some indispensable definitions for the perfect understanding 
of what follows. The resistance of a conductor is proportional to a factor, de- 
pending on the nature of the body forming the conductor and inversely proportional 
to its section; the factor/ has been called the specific resistance of the body. If 
R be the resistance of a conductor, L its length, and S its section, these quantities 
are associated by the relation — 



The resistance of a conductor being proportional to a factor depending on the 
nature of the body, the factor called specific resistance is measured in ohms- 
centimetres and in microhms-centimetres for weak resistances, and megohms- 
centimetres for great resistances. 

Insulators, — Bodies exhibiting great specific resistance are called insulators. 
In general their resistance varies with the conditions in which they are ‘placed. 
It varies with the temperature, with the weather during which the substance is 
submitted to the electric current, with the 23ressure to which it is submitted. If 
caoutchouc at 0° 0. (32° F.) has a specific resistance of 32,000 x 10®, if caoutchouc 
at 24° C. (75*2° F.) has a specific resistance of 75,000 x 10®, megohms-centimetres, 
the different varieties of gutta percha have a specific resistance varying from 26 
to 500 X 10® megohms-centimetres. 

JenlMs method by the electrometer, — The insulation of a cable may also be 
ascertained by measuring, by means of the electrometer, the potential V of the 
battery with which the cable is charged, and that of v of the charge which remains 
in it after t” seconds, and embodying these values in Sieniens’ formula — 


R = 


0-4353 t 
Clog^ 

V 


But with these very high resistances the differences between V and v are. very 
slight ; and even under these conditions the values of V and v are limited by the 
condition of being contained vdthin the scale of the instrument, which, as is well 
known, only contains 720 divisions. Fleeming Jenkin devised, a method by 
virtually prolonging the scale so as to count the deviations from the starting-point 
of a very distant imaginary zero. By suitably choosing the zero in each particular 
case, deviations may always be obtained extending over the whole of the length 
of the actual scale. Suppose that one of the poles of a battery of 100 elements 
be run to earth, and the other connected with one of the pairs of quadrants, the 
second pair being itself in communication with the distant end of the insulated 
cable. If the cable be charged for a few moments to the same potential as the 
battery, the needle of the electrometer will first remain at zero ; but in proportion 
as the charge is dissipated, the deviation increases. If the electrometer deviates 
100 divisions, for example, for a difference of potential equal to the electromotive 
force of one element of the battery, a deviation of 100 divisions of the scale will 
be obtained each time that the potential of the cable lowers one hundredth of its 
value. The deviation will be 200, 300, 400 divisions when this potential diminishes 
2, 3, 4 per cent. ; in fact, if the potential becomes nil, the deviation, supposing 
that the construction of the instrument allows it, will attain a rather j^rolonged 
point of the scale that may be called the fictitious zero. In the above example 
the fictitious zero would be at the division 10*000, 

In actual jpi'actice the pole of the battery (Fig. 146), which is connected with a 
pair of quadrants, instead of being insulated is run to earth through a resistance 
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coil B .with Jan indicator ^w^large enough^for tke j battery not to be appreciably 
reduced by tbe closing of the circuit during the exj^jeriment. A double commutator 
key enables the current to be established, interrupted, or reversed. The 
indicator of the instrument is connected with a second double commutator key 
which again communicates — (1) by means of a circuit breaker I with two pairs of 
quadrants of the electrometer B j (2) with a commutator B of several directions to 
which the earth-plate T is attached, and the different cables L L to be tested, and 
which can be done simultaneously. 

Method of operation , — The electrometer is charged by means of the rechargor, 
and the luminous image is brought to the real zero of the scale. The indicator M 
is made to glide so that the ratio of the resistance ac comprised between the zero 
and the indicator, to the resistance ah = 100, is a very simj^e fraction ; ac as a rule 
is chosen as = 10, which gives tV for the ratio of the two resistances ac, a^, and 
consequently for the fraction of the battery which serves to determine the fictitious 
zero. The plug of the circuit breaker I is removed ; the commutator B is placed 
on the earth stud, then the springs of the key Jf are successively lowered and one 
of those of the key M^, One of the pairs of quadrants is thus put in communica- 
tion with the indicator w, the other directly with the earth j the product by 10 of 
the division at which the luminous image stops on the scale represents the cliviHion 
Z corresponding with the fictitious zero. The same measurement is retaken by 
reversing the poles of the battery ; then the keys M'^ and are fixed in their 
normal position ; the plug is put into the circuit breaker /, and the indicator is 
passed along to the 100 division of the coil B, One of the sittings of Afj and 
is again lowered, and at the time fixed for the commencement of the charge the 



handle of the commutator B is turned so as to jDlace its axis, and consequently the 
complete battery P, in communication with the cable L to be tested : a charge of 
fifteen seconds generally suffices for 100 miles of cable. At the end of this time 
the plug of the circuit breaker I is withdrawn ; in proportion as the potential of the 
cable decreases, the luminous index deviates further on the scale from the zero <if 
the graduation. If we wish, for instance, to have the insulation at the end ol; the 
second minute, the deviations cl^, are taken corresponding to the time V 4r)" 
and 2' 15" from the commencement of the first contact of the battery with the 
cable and brought into the following foi’mula — 

^4343x30 

C [log (z - di) - log z(z-~ d2)]* 

Readings are taken at 4' 45" and 5' 15", and the deviations brought into the 
above formula if it be desired to get the insulation at the end of the fifth minute. 
When by exceptional lowering of the potential the luminous index would oiiierge 
beyond the limits of the real scale, it is made to re-enter by causing the indicatm’ 
m to pass to the zero of the coil j there are then added to each of the readings on 
the scale the number of the divisions corresponding to the permanent displacement of 
the indicator. The measures so taken are very exact, not being affected by variations 
in the emrent of the testing battery, and are remarkably delicate, which may lx* 
increased indefinitely, by increasing the sensibility of the instrument, the strength 
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of the battery, and the interval of time which separates the two readings. More- 
over, with a single instrument in a manufactory a number of cables may be tested 
simultaneously. 

Specific redsta/nce of the dielectric . — These results obtained, let L be the length 
of a cable the insulating resistance of which is R, and p the specific i*eaistance of 
the dielectric used ; i.e. of a cube having the unity of length as its sides. Let us 
make in the cable a section perpendicular to the axis, and let us consider the layer 
of dielectric of the thickness dx situated at the distance x from the axis. The 
resistance will be — 


^ -D 

If, therefore, d and D represent the interior and exterior diameters of the 
insulating envelope — 

D 

^ ^ dx p ■. D 

J d 

2 

Hence — 

2 X E 


p = 2-728 = 


1 ^ 


log representing the common logarithms. 

The resistance at the temperatm-e of 24“ C. of a cube of a metre of side is on 
an average for gutta percha 

3*55 X 10^ megohms. 

— (Jenkin's Cantor Lectures.) 

Testing manufacimred gutta percha . — ^It is sometimes important for the 
electrician, or the manufacturer of telephonic apparatus, to ascertain the greater 
or less degree of purity of the gutta percha which he is using. A comparative 
analysis can alone give him useful data. He ought to compare — ^by the estimation 
of the ash and by its approximate analysis — the suspected sample with a standard 
■sample of known purity. If incineration is not sufficient, solution in carbon 
disulpide or toluene of the gutta percha to be analysed wiU give the amount and 
the nature of the mineral matter fraudulently added. As regards resins, bitumens, 
etc., they are easily estimated by treating the sample with boiling alcohol.^ On 
cooling, the natural gutta resins are completely deposited by operating as described. 
The quantity, colour, , smell, tint of the evaporation residue from the mother liquors, 
give sufficient data as to the proportion and nature of the adulteration. 


^ But even boiling alcohol has only a partial solvent action on bitumens, has little or no 
action on such pitches as rosin, pitch, etc. On treating a gutta percha suspected of containing 
bitumen with alcohol, much bitumen and other pitches will remain behind untouched mixed 
with the gutta. Some scheme similar to Henriques* nitro-bonzol method for the separation 
of asphaltum from rubber is evidently required (see pp. 254, 255). — Tx. 


[Table 
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Table CXXIV. — Compaeative Electeical Peopeeties of diffeeent 
SAMPLES OF GuTTA PeECHA, iNDIAEirBEEB, EeSINS, PaEAFFIN WaX, 
SULPHUE, AND WaTEE. 



Insulation Resistance. 
Megohms. 

Authority. 

Inductive Capacity. 
Microfarads. 


Material. 

Per Cube 
Knot. 

Per Knot 
(iog5=i). 

Air=l. 

Per Cube 
Knot. 

Per Knot 
(log§=l.). 

0 

1 

Giitta percha — 








Cleaned commercial, highest . 

1^59,300 

51,050 

(1) 

4-496 

0-0801 

0*2184 

„ „ lowest . 

382 

140 

(1) 

2*619 

0*0466 

0-1272 

(1) 

Willoughby Smith’s special . 

955 

3S0 

(4) 

3*122 

0*0556 

0*1575 

(4) 

From leaves — Serralaz . 

57,980 

21,260 

(2) 

2-950 

0*0525 

0-1433 

V^) 

i) >} • • 

120,700 

4<t,260 

(3) 

3*120 

0*0555 

0-2515 

(3) 

,, Obach , 

<18,630 

17,830 

(1) 

2-707 

0-0482 

0-1315 

(1) 

Balata , . . ' . . j 

2,145 

786 

(1) 

2-724 

0-0485 

0-1323 

(1) 

[Jaoutchoue — I 





Pure vulcanised . . , J 

130,000 

47,660 

(1) 

2*662 

0-0474 

0*1293 

(1) 

Mixed vulcanised . . . : 

81,700 

29,950 

(1) 

3*405 

0-0606 

0*16,54 

(1) 

Pure unvulcanised. . . | 

15,440 

5,659 

(1) 

2*506 

0-0446 

0*1217 

(1) 

Submarine cdble . 

37,100 

13,600 

(1) 

3-561 

0*0634 

0*1730 

(1) 

Overland telegraph cable 

61,770 

22,650 

fl) 

3-405 

0-0606 

0*1654 

(1) 

Ebonite 

16,540 

6,061 

(1) 

3-160 

0-0562 

0*1534 

(0) 

’araffin wax .... 

34,230 

12,550 

(1) 

2-310 

0*0411 

0*1122 

(6) 

ulphur . . ... 

21,180 

7,764 

(5) 

3-826 

0*0681 

0*1858 

(6) 

^esin — . 








Colophony (common rosin) . 
Extracted from gutta percha . 

21,700 

7,952 

(1) 

2*660 

0-0464 

0*1230 

{«) 

14,360 

5,264 

(1) 

3*270 

0-0682 

0*1587 

(1) 

T'ater 

75*700 

1-3480 

3-6770 

(7) 


(1) Obach. (2) Lord Kelvin. (3) Dr. Hopkinson. (4) Clark and Sabine. (5) Fousaereau. (G) BotUuumn. 
E, B. Ebsa. 
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CHAPTEK VIII 
GUTTA PEECHA SUBSTITUTES 


As with rubber, the excessive prices to which good quality giitta percha has risen 
have caused the trade to try to rei^lace it, wholly or partially, for special purposes by 
(A) natural products, or (B) by more or less analogous compositions (Table OXXV.). 

(A) Watural Frod%tcts. — A great number of substances have been proposed for re- 
placing gutta percha in cable manufacture, and so obtain cheaper insulators, or 
insulators more resistant to oxidation, variations of temperature, attacks of insects, 
and other destructive influences. Several of the substances present in the beginning 
remarkable dielectric properties, but up to now none of them have shown the 
almost indefinite unalterability of gutta percha preserved under water. (1) Paraffin. 
— It was at first attempted to use paraffin, but this hydrocarl^ide is too brittle, and 
it is only used to protect temporarily frqm the air the extremity of wires covered with 
gutta i^ercha. (2) Ozolcerit. — Then came the turn of Ozokerit, Tliis substance, 
also called ceresin or mineral wax, is a hydrocarbide which is found naturally 
intercalated in rather thick layers in the schistose rocks, in the vicinity of petroleum 
wells, in Galicia, Hungary, Baku, Caspian Sea, the States of Utah and Arizona in 
North America. The raw material, previously melted to free it from mineral 
gangue, which amounts to about 15 per cent., is afterwards distilled. It yields on 
distillation about 15 per cent, of paraffin oil, from which ozokerit solidifies on cool- 
ing. The deposit is freed from the excess of oil by centrifugal force and strong 
pressure. The yield is generally 25 per cent, of the crude material. It is a slightly 
amber-coloured body, with a very fine granular fracture; it melts between 70“ and 
80“ C., is not saponifiable by alkalies, and is not attacked by sulphuric acid, even 
when heated to 100“ C. (212° F.). Atmospheric agents have no action on the 
substance. It is at the same time a good dielectric. Combined with small 
quantities of rubber, it yields softer and more plastic products, which may compete 
with it as an insulating medium, and in regard to inductive capacity. Henley uses 
ozokerit in the following manner The conductor of plated (polished) copper is first 
covered with jDure rubber, then with a sejDarate grey composition, then with a black 
composition substance kept secret, and finally pure ozokerit. The core is covered 
with a layer of felt soaked in ozokerit. The insulation of these cables would 
ap23ear to rise as high as 5000 megohms per marine mile, after five minutes of 
electrisation and twenty-hours' immersion in water of 24“ C. (75-2“ F.). The pitch 
left in the still from the destructive distillation of mineral wax is also used for 
cable insulation. Edison gives the resistance of crude ozokerit as 450 million 
megohms 2 )er c/m., whilst that of iDaraffin is only 110 million megohms; the in- 
sulating capacity of the paraffin free residue must be higher, and in fact has j^roved 
to be very satisfactory, whilst the power of resisting heat is also considerable. 

(5) Mixed Compositions. (1) Nigvite. — By masticating together at the lowest 
temperature possible, ^ to bring them into a plastic condition, indiarubber and the 
residue from the distillation of ozokerit, a substance mechanically superior to gutta 
percha, is obtained, less sensitive to the action of heat than rubber, possessing a 
superior insulation 2 :»ower to gutta percha, and a notably inferior inductive capacity. 
Clark and Muirhead have made toiq^edo cables which ap 23 ear to have given good 
results for’ several years. (2) WhiU Birch Tar or Gutta The so-called 

gutta FrauQam (E. Mourlot Fils, Freiyjh Patent, No. 13,310 ; 1879, and additional 
one of 3rd September 1880), besides improving the gutta by making it more dur- 
able in air, was also said to be a specific against the attacks of rats in underground 
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conduits. But, according to Obach, it renders gutta percha coarse and brittle, and 
also impairs its electrical properties. We shall only mention, as a matter of refer- 
ence (3) kerite, (4) Bruce-Warren’s rubber, and (5) finally the dielectric employed 
in the Brook’s cables, certainly composed of resins and resinous oils, solid at 
ordinary temperature. The insulation of these cables is extremely high. Several 
samples tested in England after several months’ interval have nevertheless regularly 
given an insulation of 19,000 megohms per mile. We shall not dwell further on 
Wray’s composition, used especially in hot climates where gutta percha cannot with- 
stand the action of the surrounding atmosphere Without softening or even melting. 
This composition, prepared by a mixture of shellac, caoutchouc, silica, and pulverised 
alum, to which of its weight of gutta percha has been added, is 2 :)rofoundly and 
rapidly deteriorated by sea water. 

(6) Will the nitrocellulose in appro^Driate solution as projposed by Nobel yield 
the results which the inventor claims^ Time will tell; and until proof to the 
contrary we must hold to the opinion that we have exj^ressed at the commencement 
of this chapter. 

(7) VelvriL — A mixture of collodion cotton and nitrated castor or linseed oil 

(W. F. Reid and J. V. Earles, British Patent, No. 21,995 ; 1895) is one of the recently 
proposed substitutes. The Velvril paste is moulded like gutta percha, but after 
hardening it cannot be softened by heat alone. Cord can be made by squirting 
the paste through a die, and it has been in’oposed to use it as an insulating envelope 
in place of gutta percha. ^ ' 

(8) Ghattei'ton^s compound consists of a mixture of gutta 2 :)ercha, rosin, and 
Stockholm tar. It is used as a binding material between the co 2 :)per conductor and 
the gutta i^ercha envelope, or between the different layers of gutta percha on the 
core. It is also used for cementing gutta percha to wood. It is jmepared thus : — 
Stockholm tar 1 cwt., rosin 1 cwt., are heated in a steam jacketted jpan, then 
strained and mixed with 3 cwts. of clean shredded gutta percha, the mass being 
intimately mixed by horizontal stirrers working on a vertical shaft. 


Table CXXV. — Sobel’s Gutta Percha Substitutes. 



A 

B 

0|. 


lb. 

ib. 

1 

lb. 1 lb. 

Rosin 

2 


... 1 ... 

Pitch 

2 

8 

12 ! ... 

Rosin oil 

8 

4 


Coal tar 



hrjTi 

Slaked lime 


*6 

•file 

Water 

3 

... 

... . ... 

China clay 

10 


1 ... !■ ... 

Gutta percha 

; 

i 

16 

j 16 1 10 


In formula A the rosin oil is very evidently meant to act as solvent for the 
rosin and 2 >itch, the China clay is a mere filler for which other fillers can be sub- 
stituted. The rosin, rosin oil, and iDitch are heated in a ^oan until dissolved. The 
lime made into a paste with the water is added, and then the gutta X)erclia ; and 
when the gutta percha is melted, then the China clay is stirred in. Additional 
water is added and the whole brought to 100“ C. 212“ F. 

Several formulae for compositions, for insulation purposes, are given in Mineral 
IVcLxes (Scott, Greenwood, & Son). 


i 

The End 
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Abyssinian gntta, 371-373. 

, Acacia decurrens, 66. 

Acclimatisation (gutta), 318-327. 

„ (rubber), 67. 

Accra rubber, 102-103, 131. 

Acetina, 285. 

Acetochlorhydiins, 285. 

Acetone, 66, 282-283, 286, 372. 

Achin gutta, 321, 

Acid, acetic, 66, 117, 127, 236, 239, 240-243, 
248-249, 373. 

,, arsenious, 52. 

„ carbolic, 53, 66. 

,, citric, 51, 66. 

„ formic, 66, 127. 

,, hydripdie, 116, 366. 

,, bydrobromic, 125. 

,, hydrochloric, 62, 66, 217, 369, 376. 

,, hydrocyanic, 366, 369. 

„ hydrofluoric, 366. 

„ nitric, 52, 117, 261, 366, 368-370. 

,, oxalic, 66. 

„ pliosphoric, 76-79. 

,, iDicric, 372. 

,, sulphuric, 60, 52, 66, 117, 208, 217, 
236, 366, 370. 

,, sulphurous, 187, 366. 

,, tannic, 66. 

Adhesion (rubber), 124. 

„ (vulcanised rubber), 203. 

Africa, rubber in, 5, 12, 26, 37, 46, 46, 48-49, 
50-61, 53-, 57, 84-86, 88-89, 92, 100-107, 
114, 117, 128, 130, 137, 213, 296, 312, 317. 

Albane, 338, 368-369, 372, 396. 

Albumenoids, 43, 66-67, 89, 111, 114, 220. 

Alcohol, absolute, 282. 

„ ethylic, 28, 51-52, 117, 120, 122, 128, 
366-373, 400. 

Alcoholic soda group, 282-283. 

Alkalies, 118, 165, 173, 230, 239. 

Alkaline salts, 52. 

,, sulphides, 173. 

Alkanet root, 221. 

Aloe tic matter, 127. 

Alatonia, 20, 23, 28, 313. 

Altitude of rubber-plantations, 33, 56-57, 80, 
82, 86-87. 

Alum, 66. 

Amazonian rubber, 5, 6, 7, 33-37, 40-45, 68- 
60, 62, 74, 94-95, 112. 

Ammonia, 43, 52, 133, 236, 


Ammoniacal cochineal, 221. 

Ammonium ferrocyanide, 66. 

,, fluoride, 118. 

,, nitrate, 224. 

Amylaceous bodies, 116. 

Analysis of balata, 376. 

„ ,, ebonite, 280-282. 

,, „ gutta percha, 342-348, 348-350, 

367, 378, 385. 

,, „ cut sheet rubber, 278-279. 

,, ,, vulcanised rubber, 222, 229-231, 

233-234, 271-281. 

Anastomosed vessels, 12. 

Angola rubber, 104-105. 

Animal oil (Dippel’s), 8. 

Annam, rubber in, 48, 60, 106-107. 
Anodendron, 20. 

Antimony iodide, 172. 

„ sulphide, 173-174, 220, 228, 240, 
242, 244, 246. 

Apocynacese, guttiferous, 313. 

„ caoutchouciferous, 12, 13, 20, 
29, 82, 84. 

Arboriculture (gutta), 321-327. 

,, (rubber), 56-89. 

Archil, 221. 

Artificial rubber. See “Substitutes” and 
“ Synthetic lubher.” 

Artocarpece, 13, 18, 19. 

Asbestos, 220. 

Ash (gutta), 367, 371, 375, 395. 

„ (rubber), 94, 109, 225-230, 234, 239. 
Asiatic rubber, 7, 33, 106-107. 

Asphaltum, 219, 235-240, 280, 283, 400. 
Assahan gutta, 341, 348. 

Assam rubber, 7, 48, 58, 106-107, 120, 141. 
Assinia, 102, 108-109. 

Atmospheric action on gutta, 355. 

,, ,, ,, rubber, 204. 

Attalea excelsa, 41. 

Aurantiacese, 51. 

Australian gutta, 317. 

,, rubber, 108-109. 

Autoclave for dissolving rubber, 266. 

,, vulcanising, 187-188. 

Axe for gutta felling and ringing, 328-330. 

,, for tapping wild rubber, 35. 

Babou gutta, 304-342. 

Bagan gutta, 841-342, 349, 385, 397. 

Bahia rubber, 40, 48, 60, 57, 96-97. 
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Balata, 308-309, 334-335, 341, 348, 375-377, 
401. 

Banca, reboiled, 307, 328-329, 330-331, 349, 
385. 

Baujermassin gutta, 304, 321, 340-342, 348, 
349-385, 397. 

Bark, gntta, 294, 326, 332, 333, 340. 

„ rubber, 33, 53, 75. 

Basic slag fertiliser, 78. 

Baasia Parkii, 299, 309-313, 316, 318, 373-375. 
Batanza rubber, 128. 

Baubinia rooticulata, 9. 

Belouk gutta, 320, 

Belts, vulcanising, 182-184. 

Bengnela rubber, 104-105. 

Birch tar, 403. 

Biscuit rubber, 42, 81. 

Bitumen. * * See Asphaltum. ” 

Bleaching gutta, 391-392. 

Bleeding. . See Tapping. ” 

Blocking factory — rubber, 146. 

,, . plantation-T-rubber, 71,- 81. 

Boiling rubber latex, 45. 

Boluiigan gutta, 340-341, 346, 348-349. 

Bone naphtha, 8. 

Borneo gutta, 298-299, 304,- 307, 315, 821, 
322, 328, 831, 332, 334, 340, 341, 
350, 896. 

„ rubber, 27, 87-88, 108, 141. 
Bornesite, 117. 

Botanical Gardens, Buitenzorg,' 323. 

,, , ,, Gold Coast, 88. 

„ „ Kew, 292. 

„ „ Libreville, 62. 

,, ,, Saigon, 62. 

Botany of gutta, 294-313, 314, 317. 

,, ,, rubber, 7, 11-31. 

Brass rvire in rubber tubes, 8, 

Bromine, 118. 

Bromo and bromo-nxtro camphor, etc., 285. 
Butylene, 125. 

Butyrospermum Parkii, 310, See “Bassia.” 

Cable covering machine, 363. 

Cables, submarine, 292, 367, 361. 

,, telephone, 357. 

Calcined magnesia, 235, 238, 240-241, 244- 
245, 244-249. 

Calcium chloride, 62. 

„ fluoride, 235. 

,, hydrate, 244-245, 248-249. 

„ sulphate, 220, 223. 

Calenders, 153-158. 

Calico, vulcanising dyed, 170-172. 

Calotropis, 30, . 108-109, 113, 312. 

Oamhoaiaii gutta, 306-320. 

„ rubber, 20. 

Cameroon rubber, 25, 49, 50, 85. 

Candle material, rubber as, 7. 

Caoutchouc des huiles, 261. 

„ etymology, 5, 6, 7. 

Caoutchouciiie (Cio Sig), 125. 
Caoutchoutocopy, 203. 

Oastilloa rubber, 69 . /Sfee “ Central American. ” 
Castor cake as fertiliser, 76-77. 

Caucho, 7. 

Caustic soda, 230. 

Cayenne rubber, 6, 96-97. 

Ceara rubber, 16, 30, 83, 40, 46, 47, 48, 
57, 60-62, 88, 94-95, 120. 


Cecropia, 19-20. 

Celebes, 86, 108-109, 298-299, 840. - 

Cements, gutta, 291. 

Central American rubbers, 4, 37, 48, 57, 92. 
Ceylon, 28, 29, 32, 33, 56, 60, 61, 62, 67, 
76, 79, 82, 306, 321. 

Chalk as a rubber filler, 238, 240-241, 242- 
243,. 244-245, 246-247. 

01iatterton*8 compound, 403. 

Ohavanesia, 27, 67 ^ 

Chemistry of gutta, 851-377. 

„ „ rubber (normal), 118-135, 

,, „ „ (vulcanised), 188-192. 

Obiabuahua (Guayule), 82. 

Chiapas plantations, 65. 

China clay, 403. 

Chloral (coagulant), 67. 

Chlorine, 274, 278. 

Ohloro camphor, etc., 284-286. 

Chloroform, 366, 368-373, 396. 
Ohloro-nitrotoluol, etc., 286. 

Ohrysophyllum, 299, 309. 

Churning latex, 67. 

Coagulation, Bobet on, 38, 

„ Dittmar on,» 39. 

,, Weber on, 191. 

Coagiilent, alum, 49, 

,, antiseptic, 44, 66, 118. 

,, ehlor4» 67. - 

,, iron perohloridei 51. 

' ,, soap, 60, 

Collecting-cups, 35, 62. 

Compressibility, 123, 252, 255. 

Conductivity, heat, and electricity, gutta, 630. 
„ ,, rubber, 121, 

195. 

Congo gutta, 291. 

„ rubber, 25, 46, 48, 49, 86. 

Coorongite, 260. 

Coti gutta, 298, 341. 

Cottonian gutta, 346. 

Creosote, 44. 

Crepe rubber, 71. 

Orotoneae, 13-16. 

Oryptostegia, 13. 

Ourana, 4. 

Cut sheet, 146-160. 

Cutting machines, 71. 

Cynanchum, 29, 106-107, 313. 

Dambonite, 116-117. 

Dambose, 115-117. 

' Deformation of rubber, 237-259. 

Density of gutta, 364. 

,, „ latex (rubber), 111. 

„ ,, normal rubber, 120. 

, , , , oils distilled from rubber, 1 25-126. 

,, ,, vulcanised rubber, 193-194. 

Depression of rubber tests, 201. 

Dermatine, 264. 

Dialysing power of nibber, 123. 

Dichopsis borneeiise, 314, 324, 325. 

,, calophylla, 304-305, 314. 

,, gutta, 297, 299-301, 314, 318, 

825, 834. 

,, Krantziana, 305, 314. 

,, Maingayi, 318. 

,, oblongifolium, 297, 301, 302, 304, 
318, 324-325. 

„ polyanthe, 318. 
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Dicliopsis' i:)iistuktum, 297, 306, 314, 318* 

,, selendit, 305. ■ • 

,, Treiibii, 314, 325. 

Dielectric strength (gntta, rubber, ebonite), 
•296, 364. 

Diplorhynchus, 20. 

Distillation; destructive, of fatty oils, 127, 

,, ,, ,, gutta, 368. 

,, „ „ rubber, 125. 

,, turps, 133. . 

Drying in gutta analysis, 396-397. 

„ , of rubber, 68-69, 71, 140,. 
“Dusting”, (ebonite colouring), 216. 

Dyeing rubber, 220,. 

Dynamometrical testing of rubber, 250-257. 

E. African rubbers, 93, 100-105. 

Ebonite, 212-218, 238-239, 401. 

,, analysing, 281-282. 

„ colouring, 216. 

,, curing, 214-215. 

,, enamelling, 216. 

,, manufacture of, 212-218. 

„ modulus of, 238. 

,, Otto and Traun’s process, 215-216. 

,, powdered, 216. 

,, properties, 217-218. 

„ rubber, sorts for, 217. 

„ substitutes, 272. . . 

,, waste rubber used in, 206. 

Ecdysanthera micrantha, .29,' 
Ecdysanthereae, 20. 

Elasticity of gutta peroha, , 35 2-363. 

,, rubber, 123, 196, 203, 244-249. 
Elaterite, 260. , 

Electric conductivity of gutta, 360-365. 

,, „ ,, rubber, 121. 

,, induction of gutta, 362-367, 401. . 

,, „ ,, rubber 362-367, 401. 

, , insulation of gutta, 342, 349, 360, 401 . 

• j, n ,, rubber, 237, 401, 

Emerald green, 220. 

Engine for calenders, 157. 

,, ,, plantations, 73. . 

Enzyme, noxious, of rubber,. 67. 
Euphorbiaceffi (gutta), 313, 316-317. 

,, (rubber), 13-16. ' . 

Euplumerise, 20. 

Extensibility of rubber, 123. 

Extraction of gutta from bark and leaves, 332. 
Extractors, rubber, analysis of, 266, 282-284. 
, , for hardening gutta, 386-387. 

Fatty acids in substitutes, 269, 274-275. . 
Felling balata trees, 334. ’ 

„ gutta trees, 328-334. 

. rubber trees, 33-34, 

Ferric salts as coagulants, 51. 

Fertilisers for rubber plantations, 74-79. 
Ficus elastica, 7, 12, 13, 17-18, 32, 37, 54, 57, 
68, 87-88, 110-113. 

,, Vogeli, 89. 

Fillers for rubber, 238-247. 

Filter presses for gutta, 381-383. 

Fluavile, 867-368, 375.. . 

Fluorine, 63. . ' ' : 

Foutah^Djallon, 25, 100, 312, 

Formaldehyde, 6:6-67. j 

Formenic carbides,, 366-367. 

Fosteronia floribunda, 13-20. 


Funtumia elastica, 20, 27, 32, 84-86, 89. 
Fustic in rubber dyeing, 221. 

Gaboon gutta, 317. 

„ rubber, 85, 102-103, li5. 

Galam butter, 310. 

Gambia rubber, 51, 53, 63, 100-101. 

Gas absorption by rubber, 195. 

Glycerine, 52, 174, 240-241, 244-245. 

Gold Coast rubber, 88-89. . 

Golf ball tester, 353. 

Graphite, 220, 

Green dyes and pigments for rubber, 220-221. 
Guayule, 82, lOO-rlOl. 

Guignet’s gi’een in rubber, 220-221. 

Gutta, 368-369. 

Gutta perclia, analysis of, '342, 348, 367, 

, 373, 385. • . 

„ ,, boiling, 333, 339. 

„ ,, botany of, 287-301., 

„ ,, chemistry of, 367. 

,, , „ fat, 327.- 

,, ,, extraction of, 326. 

. , ,, sampling, 395. 

,, „ vulcanising,. 394, 

Halogens action on rubber, 118. 

,, in vulcanising, 162, 

Hancornia, 20, 28, 33, 49-50, 51, 67, 95, 
96-97. 

Hardened rubber. “Ebonite.!* . . 

Hardening gutta peroha, 386-387. 

,, of rubber by cold, 9* 

Hatchet for.gutta felling and ringing, 330. 

,, ,, rubber tapping, 35. 

Heat, action of, on gutta, 354. 

„ „ „ „ rubbea*, 124-126. ^ 

Heavy oils from, rubber distillation, 124-126. 
Hevea Brazilienais, 6, 13, 14-16, 32-33, 37, 
.40-45, ' 51-63, 54,-66-57, 65-67,* 88-91, 
94-97, 106-107, 112-116, 118, 133. to 
Amazonian rubber. ' . 

History of gutta percha, 289-293. 

,, „ rubber, 3-10. 

Indo-Malay rubber, 13, 91. 

Indragiri white soondi, 350. 

-Insulation of balata; 377. 

,, ,, ebonite, 365. 

,, ,, gutta, 360-366. 

Iodides, metallic, in vulcanising, 167. 

Iodine, 118, 132, 133, 

„ absorption of substitutes, 26 9, 274, 27 6. 

Ire {Ireh ov^Sreh), See “Funtumia.” 

Iron percMoride coagulant, 61. 

Isoprene from rubber, 126-127, 133. 

„ „ gutta, 370. 

Java gutta, 298-299, 315, 320, 322-327. - 

„ rabber, 106, 107, 108-109. ' 

Kampar gutta, 298. 

Kassai rubber, 104-105. 

Kicksia. See “Funtumia elastica.*! 

Kneading rubber and gutta. to “Mastica- 
tion.” 

Kotaringin gutta, 344-345, 348-349. 

Labuah giitta, 331. - 

Lampblack, 216. « 



INDEX 


407 


Lampoiig giitta, 321. 

Landolphia, 13, 21-26, 32, 48, 49, 53, 64, 
57, 89, 112, 115. 

Latex of balata,- 334-335. 

„ ,, giitta, 294, 326. 

„ „ rubber, 11, 82, 110, 111-114, 118, 

Laticiferous vessels, 11-12‘, 

Lead acetates, 239. 

Lead sulphide, 174. 

Lianes (climbers), 13. 

Liberia rubber, 102-103, 

Loaudo rubber, 104, 

Macassar gutta, 339. « 

Machinery for gutta manufacture, 379-393. 

,, ,, rubber manufacture, 136-161. 

Maclcintosh and waterproofs, 8. 

Madagascar rubber, 13, 40, 61, 106, 107, 
219. 

Madar gutta of India, 312, 313, 

Magnesia, calcined, 235, 238, 240, 244. 
Manicaria saxifera, 41. 

Manihot glaziowii, 7, 13, 16, 32, 46, 47, 48, 
64,56,57,60, 130. to “Ceara.” 
Maragulai gutta, 342-343. 

Mastication of gutta, 384-394. 

,, ,, rubber, 142-161. 

Matezite, 117. 

Matezo dambose, 117. 

Maturin, balata of, 334. 

Maximiliana regia, 41, 

Moteza roritina, 116. 

Methylamiiie (Oarthageua rubber), 97. 
Mexican rubber, 4, 18, 37, 40, 66, 82-84, 
98 ..99. 

Micrandra, 15-16, 40. 

Micro-millimetre defined, 37. 

Microscopy of rubber, 37. 

“Milk.” to“Latex.‘’ 

Miinusops, 308-309, 316-317. 

Minaes-Geraes rubber, 97. 

Mixer, automatic, 152. 

Mollendo rubber, 94-95. 

Mozambique rubber, 104, 105, 113. 

“ Negroheads,” 45. 

“Niggers,” 102-103, 104-105, 130. 

Ni'giite, 402. 

Nitrobenzol in rubber analysis, 285-286. 
Nitrocellulose and solvents, 285-286. 

Oils, action of, on vulcanised rubber, 204, 
241-243, 249. 

,, dry-distilled from rubber, 125. 

,, free unsaponifiable, in substitutes, 284. 

,, oxidised, 261. 

,, vulcanised, 261-284. 

Padaug gutta, 307, 324, 344-345. 

Pahang gutta, 342-343, 348, 350, 365, 385. 
Palaquium. to “Dichopsis.” 

Para latex, 10, 43, 66-67. 

,, rubber, to “Hevea.” 

Paraffin, 235, 240-241, 242-243, 244-245, 
246-247, 268. 

Patani rubber, 19. 

Payena Lerii, 299, 302, 306, 308,314-315, 315- 
316, 318, 330-341, 345, 870-371. 

Pekang gutta, 344-345. 

Pempeni rubber, 89. 


Periploca grseca, 30. 

Permeability of rubber, 121-122, 196, 
Peroneel (sulphur chloride), 10. 
Petroleum spirit, 172, 386. 

Plantations, implements for, 66-74. 

,, profits and loss on, 91. 

,, rubber, 63-91. 

Plasticity tests, 262, 261.'. 

Plumericae, 20. 

Pneumatic tyres, 10. 

Polarising power of rubber, 122-123. 
Polymerisation in tetpenes, 133. 
Pontianack gutta, 344-345. 

Poppyseed oil, 261-274, 

Presses, filter, 381-383. 

,, vulcanising, 182, 185. 
Propagation of rubber plants, 60-62, 80. 

Quito rubber, 6. 

Raised sheet rubber, 160, 

Rangoon rubber, 106. 

Rape-cake, as fertiliser, 76. 

Reclamation of rubber, 206, , ; , 

,, gutta, 392-394, 

Ringing balata trees, 334. 

, , gutta trees, 328. 

Rolled sheet rubber, 163-158. 

Rolling* machinery, rubber, 138-161. 
Roots, laticiferous, 32. 

Rosin, 403. 

,, oil, 338, 403. 

Rubber, biscuit, 42, 81. 

,, block, 71, 81, 146. 

,, brands of, 94-109. 

„ cr^pe, 71. 

Sapotacese, 295, 299. 

Seringa, 16. 

Semamby, para 46, 141. 

Sheet rubber, 146-160. 

Sipbonia Braziliensis. See “ Hevea.” 
Slicing rubber, 137. 

Smoke curing of latex, 41-45. 

Sodium polysulphide, 173. 

Softening rubber, 137, 

,, point gutta, 367. 

Soil for rubber plants, 57. 

Solvents, acetone. See “Acetone.” 

,, alcoholic. See “Alcohol,” 

,, benzol, 370, 395. 

,, petroleum, 172, 386. 

,, for aspbaltum, 280-282, 

,, ,, balata, 376-377. 

,, ,, gutta, 366. 

,, ,, latex (rubber), 117-118. 

,, ,, nitrocellulose, 286-286. 

,, ,, paraffin, 282, 

,, ,, rosin, 282. 

„ ,, rubber, 127. 

,, ,, substitutes, 282. 

,, ,, vulcanised rubber, 204. 

Sonchus Oleratus, 81. 

Spreader, Decaiiville’s, 100. 

Steam joints, rubber packing for, 234. 
Stearine in gutta fat, 327. 

Storage of rubber, 136-137. 

Stove, "Waddington's, 176. 

Sublimation vulcanising process, 165. 
Substitutes for rubber, 261, 264, 276. 
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Substitutes, iodine absorption of, 269, 274, 
276. 

Sulphides, vulcanising by, 173-174, 

Sulphur, 44, 118, 394. 

„ chloride, 165-173, 191-192, 261-280. 

, , estimation, 229. 

Synthetic rubber, 126-127. 

Syphocampylus, 31. 

Tabernsemontana, 20. 

Talc, 10, 225. 

Tapping gutta trees, 327. 

, , rubber trees, 33-38, 63. 

Tests, abrasion, 263, 257. 

,, bending, 233, 256, 

, , cable insulation, 398, 400. 

„ depression, 201. 

„ electrical resistance, 389. 

„ golf ball, 853. 

„ Heinzerling’s, 235-249. 

,, perforation, 263. 

,, plasticity, 252, 261. 

, 5 strain and stress, 250. 

,, tensile, 196-203. 


Tigelinha, 32, 62. 

Tin iodide, 1-72. 

Tools for rubber plantations, 64, 90, 91. 
Triganou gutta, 330-331. 

Ureeola, 13, 27, 32. 

Urostigma, 108, 

Urticaceae, 16. 

Vahea. /ffee “Landolphia.’' 

Valves, 10. 

Vermilion, 220, 227-228. 

Vulcanisation of rubber, 162, 192. 
Vulcanised oil, 261, 

,, rubber, 193-285. 
Vulcanising dyed calico, 170. 

Walnut oil, oxidised, 261. 

,, ,, vulcanised, 261 et seq. 

Waterproofing, 6, 7, 159-161. 
Willougbbeia, 13, 29, 57. 

Zanzibar, mbber, 104. 
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Paints, Colours and Printing 
Inks. 

THE OHEMISTEY OP PIGMENTS, By Ernest J. Parry, 

B.Sc. (Lond.), F.C.S., and J. H. Coste, F.I.C., F.C.S. Demy 

8vo. Five Illustrations. 285 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; 11s. 3d. abroad.) 

Contents. 

Introductory. Light — ^White Light— The Speotrum— The Invisible Spectrum — Normal 
Spectrum — Simple Nature of Pure Spectral Colour— The Recomposition of White Light — 
Primary and Complementary Colours— Coloured Bodies— Absorption Spectra — The Appli- 
cation of Pigments. Uses of Pigments: Artistic, Decorative, Protective— Methods of 
Application of Pigments : Pastels and Crayons, Water Colour, Tempera Painting, Fresco, 
Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and Painted Glass, 
Mosaic— Inorganic Pigments. White Lead— Zinc White— Enamel White— Whitening- 
Red Lead — Litharge— Vermilion— Royal Scarlet — ^The Chromium Greens — Chromates of Lead, 
Zjnc, Silver and Mercury — Brunswick Green — ^The Ochres — Indian Red — ^Venetian Red — 
Siennas and Umbers — Light Red — Cappagh Brown — ^Red Oxides — Mars Colours — ^Terre Vcrte 
— Prussian Brown — Cobalt Colours — Coeruleum — Smalt— Copper Pigments — Malachite — 
Bremen Green — Scheele'a Green — Emerald Green — Verdigris — Brunswick Green — Non- 
arsenical Greens — Copper Blues— Ultramarine— Carbon Pigments — Ivory Black— Lamp Black 
—Bistre — Naples Yellow — ^Arsenic Sulphides ; Orpiment, Realgar — Cadmium Yellow— 
Vandyck Brown — Organic Pigments. Prussian Blue— Natural Lakes — Cochineal — Carmine 
— Crimson — Lac Dye — Scarlet — Madder — Alizarin — Campeachy— Quercitron— Rhamnus— 
Brazil Wood — ^Alkanet — Santal Wood— Archil — Coal-tar Lakes — Rea Lakes— Alizarin Com- 
pounds — Orange and Yellow Lakes — Green and Blue Lakes— Indigo— Dragon's Blood — 
Gamboge— Sepia — Indian Yellow, Puree — Bitumen, Asphaltum, Mummy — index. 

THE MANUFACTURE OP PAINT. A Practical Handbook 
for Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy 8vo. 200 pp. Sixty Illustrations and One Large 
Diagram. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Preparation of Raw Material— Storing of Raw Material— Testing and Valuation of Raw 
Material— Pmnt Plant and Machinery — ^The Grinding of White Lead— Grinding of White 
Zinc — Grinding of other White Pigments — Grinding of Oxide Paints— Grinding of Staining 
Colours — Grinding of Black Paints — Grinding of Chemical Colours — ^Yellows — Grinding of 
Chemic^ Colours — Blues — Grinding Greens — Grinding Reds — Grinding Lakes — Grinding 
Colours m Water— Grinding Colours in Turpentine— The Uses of Paint— Testing and Matching 
Paints— Economic Considerations — Index. 

DICTIONARY OP CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OP 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hurst, F.C.S. Demy 
8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.) 

THE MANUFACTURE OP LAKE PIGMENTS PROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I.C., F.C.S. Sixteen Coloured Plates, ehowlngr Specimens of 
Eigrhty-nine Colours, speoially prepared from the Recipes given 
in the Book* 186 pp. Demy 8vo. Price 7s. 6d, net, (Post free, 
7s. lOd. home; 8s. abroad.) 

Contents. 

The Groups of the Artificial Colouring Matters— The Nature and Manipulation of Artificial 
Colours— Lake-forming Bodies for Acid Colours— Lake-forming Bodies' Basic Colours — Lake 
BasM— The Principles of Lake Formation— Red Lakes— Orange, Yellow, Green. Blue, Violet 
and Black Lakes— The Production of Insoluble Azo Colours in the Form of Pigments— The 
General Properties of Lakes Produced from Artificial Colours— Washing, Filtering and Fin- 
shittg— Matching and Testing Lake Pigments— Index, 
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PAINTS, COLOURS, ETC. — continued. 

THE MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters* Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (Lond.). Forty-three Illustrations. 476 pp., deniy 
8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350 pp. Demy 8vo. Price 7s. 6d. net. (Post 
free, 8s. home ; 8s. 3d. abroad.) 

OIL COLOURS AND PRINTERS' INKS. By Louis 
Edgar Andies. Translated from the German. 215 pp. Crown 8vo. 
56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Linseed Oil— .Poppy Oil — Mechanical Purification of Linseed Oil^Chemical Purification of 
Linseed Oil— Bleaching Linseed Oil — Oxidizing Agents for Boiling Linseed Oil — ^Theory of 
Oil Boiling— Manufacture of Boiled Oil— Adulterations of Boiled Oil — f^hinese D^ing Oil and 
Other Specialities — Pigments for House and Artistic Painting and Inks — Figment for 
Printers’ Black Inks — Substitutes for Lampblack — Machinery for Colour Grinding and 
Rubbing — Machines for mixing Pigments with the Vehicle — Paint Mills— Manufacture of 
House Oil Paints — Ship Paints — Luminous Paint — Artists Colours — Printers’ Inks:— 
VEHICLES— Printers’ Inks PIGMENTS and MANUFACTURE— Index. 

(See also Writing Inks^ p. ii.) 

MODERN PRINTING INKS. A Practical Handbook for 
Printing Ink Manufacture’s and Printers. By Alfred Seymour, 
Author of Practical Lithography Demy 8vo. Six Illustrations. 
90 pages. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Introduction*— Division of Labour— A Separate Industry— Choice of Materials— Skilful 
Manipulation — Some Important Factors— The Medium — Ink and Colour Mixing — ^A Justifica- 
tion. Linseed Oil. — Extraction of the Oil — Classification — Mechanical Purification — 
Adulteration — Boiled Oil— Preparation of Boiled Oil — An Alternative Process. Varnish. — 
A Vehicle and Essential Component — A Reference to Lithography — Baltic Oil — Preparation 
of Varnish — ^The Modern Method — ^An Old Argument — Letterpress Varnish — A Cheaper 
Medium— A Suggestive Recipe— Fire Risks— Gradations of Varnish. Dry Colours.— A 
Recommendation — An Endless Variety of Materials — Earth Colours — Mineral Colours — 
Substrates— Toning Earth Colours — Physical Characteristics— Colouring Power — Brilliance — 
Purity of Tone— Permanence. Dry Colours— Blacks, Whites, Yellows— Lampblack — 
Process of Manufacture— Calcination — Carbon Black— Acetylene Black — ^A Simple Test — Lead 
and Zinc Whites — White Barth Colours — Yellows — ^Yellow Ochres — Mineral Yellows. Dry 
Colours — Reds, Browns. — Classification of Reds — Genuine Vermilions — Preparation — 
Imitation Vermilions— Umber, Raw and Burnt — Sienna, Raw and Burnt. Blues, Greens. — 
Ultramarine Blue — A Useful Tint — Other Similar Blues — Cobalt Blues — Prussian — Chinese 
and Bronze Blues — A Test for Purity — Greens— Compound Greens— Mineral Greens. Lakes. 
— Characteristics — Lake Derivatives — A Point of Importance — Red Lakes — Madder- 
Cochineal and Carmine — Brazil Wood— Alizarine a Coaltar Derivative — ^Yellow Lakes — Blue 
Lakes— Green Lakes. The' Grinding of Printing Inks.— Ink-grinding Machinery— Ink- 
grinding Mill — A Novel Machine— Hand Grinding — ^Treatment of Gritty Colours— A Question 
of Proportion— Approximate Calculation — Soap — Saturation — Friction Heat — Consistent 
Grinding. Ink and Colour Mixing. — A Necessary Acquisition— Ink Mixing Defined— Mixed 
Green Inks — Mixed Browm Inks — Tints — Ink Mixing — Lithographic Inks — Characteristics of 
Yellows — Mixing Vermilion— Ultramarine and Other Blues— Bronze, Prussian and Chinese 
Blues — ^Working Consistency — Reducing Medium — Letterpress Inks — Gloss Inks — Three- 
colour Inks— Ink-mixing Machine. The Characteristics of Some Printing Processes.— 
A Supplementary Discussion — Letterpress Inks — Three-colour Printing — Lithographic Printing 
Inks— An Important Feature— Suggestive Points — Tinplate Printing. Driers. — A Valuable 
Auxiliary — Energetic Drying Inks— The Theory of Drying — Liquid Driers — Terebene — Paste 
Driers — Letterpress Driers— Powder Driers— Turpentine as a Drier, Bronze Powders and 
Bronzing. — ^A Brief Justification — Bronze Printing Inks — Bronze Powders — The Process of 
Manufacture — Preparation of the Leaf— Grinding and Grading — Bronzing Mediums — Requisite 
Qualities — Wax Varnish. “Things Worth Knowing.” — A Record of Notes and 
Experiences— Index. 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Decorators and Painters, 

(See page 28.) 
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PAINTS, COLOURS, BTC.-^continued. 

CASEIN. By Robert Scherer. Translated from the German 
by Chas. Salter. Demy 8vo. Illustrated. 160 pp. Price 7s, 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Casein : its Origin. Preparation and Properties. Various Methods of Preparing 
Casein. Composition and Properties of Casein. Casein Paints.— “ Marble-Lime 
Colour for Outside Work— Casein Enamel Paint— Casein Facade Paint— Cold-Water Paint in 
Powder Form— History's Recipe for Casein Paint and Varnish— Pure Casein Paints for Walls, 
etc.— Casein Paints for Woodwork and Iron— Casein-Silicate Paints— Milk Paints— Casein- 
Silicate Paint Recipes— Trojel’s Boiled Oil Substitute— Calsomine Wash— Quick-Drying 
Casein Paint— Boiled Oil Substitute — Ring's Cold-Water Paint — Formolactin — Waterproof 
Paint for Playing Cards— Casein Colour Lake— Casein-Cement Paint. The Technics of 
Casein Painting. Casein Adhesives and Putties.— Casein Glue in Plates or Flakes— 
Jeromin’s Casein Adhesive — Hall's Casein Glue — Waterproof Glue — Liquid Casein Glue — 
Casein and Borax Glue— Solid Casein Adhesive — Casein Solution — Glue Powder — Casein 
Putties— Washable Cement for Deal Boards— Wenk’s Casein Cement— Casein and Lime Cement 
—“Pitch Barm ’’—Casein Stopping — Casein Cement for Stone. The Preparation of 
Plastic Masses from Casein. — Imitation Ivory— Anti-Radiation and Anti-Corrosive Com- 
position — Dickmann’s Covering for Floors and Walls— Imitation Linoleum — Imitation 
Leather — Imitation Bone — Plastic Mass of Keratin and Casein — Insulating Mass — Plastic 
Casein Masses— Horny Casein Mass— Plastic Mass from Celluloid — Casein Cellulose Compo- 
sition-Fireproof Cellulose Substitute— Nitrocellulose and Casein Composition— Franquet’s 
Celluloid Substitute— Galalith. Uses of Casein in the Textile Industry, for Finishing 
Colour Printing, etc.~Caseogum — “Glutin” — Casein Dressing for Lmen and Cotton 
Fabrics— Printing Colour with Metallic Lustre— Process for Softening, Sizing and Loading- 
Fixing Casein and Other Albuminoids on the Fibre — Fixing Insoluble Colouring Matters — 
Waterproofing and Softening Dressing — Casein for Mercerising Crfepe — Fixing Zinc White on 
Cotton with Formaldehyde— Casein-Magnesia— Casein Medium for Calico Printing — Loading 
Silk. Casein Foodstuffs. — Casein Food — Synthetic Milk— .Milk Food — Emulslflable Casein 
—Casein Phosphate for Baking — Making Bread, Low in Carbohydrates, from Flour and Curd 
—Preparing Sjluble Casein Compounds with Citrates— Casein Food. Sundry Applications 
of Casein. 

SIMPLE METHODS FOR TESTING PAINTERS’ 
MATERIALS. By A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.), Crown 8vo. 160 pp. Price 5s. net. (Post free, 5s. 8d. 
home ; 5s. 6d. abroad.) 


IRON - CORROSION, ANTI - FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German of 
Louis Edgar Andes. Sixty-two Illustrations. 275 pp. Demy 8vo. 
Price 10s. 6d. net. , (Post free, 10s. lOd. home ; 11s. 3d. abroad.) 


Contents. 


Iron-rust and its Formation — Protection from Rusting by Paint — Grounding the Iron’ with 
Linseed Oil, etc. — ^Testing Paints — Use of Tar for Painting on Iron — ^Anti-corrosive Paints — 
Linseed Varnish— Chinese Wood Oil — Lead Pigments — Iron Pigments — ^Artificial Iron Oxides 
—Carbon — Preparation of Anti-corrosive Paints — Results of Examination of Several Anti- 
corrosive Paints— Paints for Ship’s Bottoms— Anti-fouling Compositions— Various Anti-cor- 
rosive and Ship’s Paints— Official Standard Specifications for Ironwork Paints— Index. 


THE TESTING AND VALUATION OP RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU- 
FACTURE. By M. W.- Jones, F.C.S. A Book for the 
Laboratories of Colour Works. 88 pp. Crown 8vo. Price 5s. net. 
(Post free, 5s. 3d. home and abroad.) 

THE MANUFACTURE AND COMPARATIVE MERITS 
OP WHITE LEAD AND ZINC WHITE PAINTS. By 

G. Petit, Civil Engineer, etc. Translated from the French. Crown 8vo. 
100 pp. Price 4s. net. (Post free, 4s. 3d. home ; 4s. 4d. abroad.) 

Contents. 

Chapters I., The Fundamental Principles of Painting in Oil. II., The Different Varieties of 
White Leads— The Dutch Process— Grinding White Lead in Oil. HI., Other Processes of 
Manufacturing White Lead. IV., White Lead Substitutes— Sophistication of White Lead— 
Analysis of White Lead. V., White Lead Paints— Their Merita and Defects. VI., Toxi- 
cology of White Lead — Hygienic Measures in its Manufacture and Use. VII,, Zinc White — 
Its Preparation. IX., Zinc White Paint and Zinc White Coatings— Their Merits and Defects 
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STUDENTS’ HANDBOOK OP PAINTS, COLOURS, OILS 
AND VARNISHES. By John Purnell. Crown 8vo. 12 
Illustrations. 96 pp. Price2s.6d.net. (Post free, 2s. 9d. home and abroad.) 

Varnishes and Drying Oils. 

OIL CRUSHING, REFINING AND BOILING, THE 
MANUFACTURE OF LINOLEUM, PRINTING AND 
LITHOGRAPHIC INKS, AND INDIA-RUBBER 
SUBSTITUTES. By John Geddes McIntosh. Being 
Volume 1. of the Second, greatly enlarged, English Edition, in three 
Volumes, of “ The Manufacture of Varnishes and Kindred* Industries,*’ 
based on and including the work of Ach. Livache. Demy 8vo, 150 pp. 
29 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. 
abroad.) 

VARNISH MATERIALS AND OIL^ VARNISH MAKING. 

By J. G. McIntosh. Being Vol. II. of The Manufacture of Varnishes 
and Kindred Industries”. Demy 8vo. 70 Illustrations. 220 pp. 
Price 10s. 6d. net. (Post free, 10s. lOd. home ; 11s. 3d. abroad.) 
Contents. 

Chapter I., Introduction. II., Amber and Amber Oil Varnishes. III., Copal, etc. IV., 
Resins— Assorting, Cleaning and Fusing. V., Asphaltum, Coal-Tar, Pitch, Rubber, etc. VI., 
Oil-Varnish Making— General Instructions. VII., Copal Oil Varnish, VIII., Rosin Oil Varnish 
— Brunswick Black— Super Black Japan. IX., Testing Varnish— Utilisation of Residues. 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. Andes. Expressly Written 
for this Series of Special Technical Books, and the Publishers hold 
the Copyright for English and Foreign Editions. Forty-two Illustra- 
tions. 342 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 8d. abroad.) 

Contents. 

Properties of the Drying Oils ; Cause of the Drying Property ; Absorption of Oxygen ; 
Behaviour towards Metallic Oxides, etc. — The Properties of and Methods for obtaining the 
Drying Oils — Production of the Drying Oils by Expression and Extraction; Refining aad 
Bleaching; Oil Cakes and Meal; The Refining and Bleaching of the Drying Oils; The 
Bleaching of Linseed Oil— The Manufacture of Boiled Oil; The Preparation of Drying Oils 
for Use in the Grinding of Paints and Artists’ Colours and in the Manufacture of Varnishes 
by Heating over a Fire or by Steam, by the Cold Process, by the Action of Air, and by Means 
or the Electric Current; The Driers used in Boiling Linseed Oil; The Manufacture of Boiled 
Oil and the Apparatus therefor; Livache’s Process for Preparing a Good Drying Oil and its 
Practical Application — ^The Preparation of Varnishes for Letterpress, Lithographic and Copper- 
plate Printing, for Oilcloth and Waterproof Fabrics; The Manufacture ox Thickened Linseed 
Oil, Burnt Ofl, Stand Oil by Fire Heat, Superheated Steam, and by a Current of Air— Behaviour 
of the Drying Oils and Boiled Oils towards Atmospheric Influences, Water, Acids and Alkalies 
— Boiled Oil Substitutes— The Manufacture of Solid and Liquid Driers from Linseed Oil and 
Rosin; Linolic Acid Compounds of the Driers — ^The Adulteration and Examination of the 
Drying Oils and Boiled Oil. 

Oils, Fats, Waxes, Greases, 
Petroleum. 

LUBRICATING OILS, PATS AND GREASES: Their 

Origin, Preparation, Properties, Uses and Analyses. A Handbook for 
Oil Manufacturers, Refiners and Merchants, and the Oil and Fat 
Industry in General. By George H. Hurst, F.C.S. Second Revised 
and Enlarged Edition. Sixty- five Illustrations. 317 pp. Demy 8vo. 
- Price 10s. 6d. net. (Post free, 11s. home; 11s. 3d. abroad.) 

Contents. 

Introductory— Hydrocarbon Oils— Scotch Shale Oils— Petroleum — Vegetable and 
Animal Oils— Testing and Adulteration of Oils— Lubricating Greases— Lubrication- 
Appendices— Index. 
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TECHNOLOGY OP PETROLEUM: Oil Fields of the 

World — ^Their History, Geography and Geology — ^Annual Production 
and Development — Oil-well Drilling — Transport. By Henry Neu- 
BERGER and Henry Noalhat. Translated from the French by J, G. 
McIntosh. S50 pp. 153 Illustrations. 26 Plates. Super Royal 8vo. 
Price 21s. net. (Post free, 21s. 9d. home ; 23s. 6d. abroad.) • 

Contents. 

study of the Petroliferous Strata, 

Excavations'— Hand Excavation or Hand Digging of Oil Wells, 

Methods of Boring. 

Accidents — Boring Accidents— -Methods of preventing them — Methods of remedying them 
— Explosives and the use of the Torpedo Levigation — Storing and Transport of Petroleum 
•^General Advice— Prospecting, Management and carrying on of Petroleum Boring Operations. 

General Data— Customary Formulae— Memento. Practical Part. General Data 
bearing on Petroleum— Glossary of Technical Terms used in the Petroleum Industry— Copious 
Index. 

MINERAL WAXES ; Their Preparation and Uses. By 
Rudolf Gregorius. Translated from the German. Crown 8vo. 250 
pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 4d. home; 
6s. 6d. abroad.) 

Contents. 

Ozokerite— Cereslne— Paraffin— Refining Paraffin— Mineral Wax— Appliances for 
Extracting, Distilling and Refining Ozokerite— Uses of Ceresine, Paraffin andi 
Mineral Waxes— Paint and Varnish Removers— Leather and Piston-Rod Greases— 
Recipes for Silk, Cotton and Linen Dressings— Candles. 

fWlSSOTIOAL COMPOUNDXNG OP OILS, TAL- 
LOW AND GREASE POR LUBRICATION, ETC. 

By An Expert Oil Refiner. Second Edition. 100 pp. Demy 8vo* 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

j Introductory Remarks on the General Nomenclature of Oils, Tallow and Greases 
suitable for Lubrication — Hydrocarbon Oils— Animal and Pish Oils— Compound 
Oils— Vegetable Oils— Lamp Oils— Engine Tallow, Solidified Oils and Petroleum 
Jelly— Machinery Greases: Loco and Anti^friction— Clarifying and Utilisation 
of Waste Fats, Oils, Tank Bottoms, Drainings of Barrels and Drums, Pickings 
Up, Dregs, etc.— The Fixing and Cleaning of Oil Tanks, etc.— Appendix and 
General information. 

ANIMAL PATS AND OILS: Their Practical Production, 

Purification and Uses for a great Variety of Purposes. Their Pro- 
perties, Falsification and Examination. Translated from the German 
of Louis Edgar Andris. Sixty-two Illustrations. 240 pp. Second 
Edition, Revised and Enlarged. Demy 8vo. Price 10s. 6d. net. 
(Post free, 10s. lOd. home; 11s. 8d. abroad.) 

THE MANUFACTURE OP LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition by 
Chas. Salter. 10 Illustrations, Crown 8vo. 170 pp. Price 7s. 6d. 
net. (Post free, 7s. lOd. home;.88. abroad.) 

THE OIL MERCHANTS’ MANUAL AND OIL TRADE 
READY RECKONER. Compiled by Frank F. Sherriff^ 
Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904.. 
With Two Sheets of Tables. Price 7s. fid. net. (Post free, 7s. lOd., 
home ; 8s. 8d. abroad.) 

Contents. 

Trade Terms and Customs — ^Tables to Ascertain Value of Oil sold per cwt. or ton— Specific 
Gravity Tables— Percentage Tare Tables— Petroleum Tables— Paraffine and Benzoline Calcu- 
lations — Customary Drafts — ^Tables for Calculating Allowance for Dirt, Water, etc. — Capacitvr 
of Circular Tanks, Tables, etc. etc. 
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VEGETABLE FATS AND OILS : Their Practical Prepara- 
tion, Purification and Employment for Various Purposes, their Proper- 
ties, Adulteration and Examination. Translated from the German of 
Louis Edgar And:6s. Ninety-four Illustrations. 340 pp. Second 
Edition. Demy 8vo. Price 10s. fid. net. (Post free, 11s. home^ 
11s. fid. abroad.) 

EDIBLE PATS AND OILS : Their Composition, Manufacture 

and Analysis. By W. H. Simmons, B.Sc. (Lond.), F.C.S. 

\In preparation. 

The Contents will include the Constitution of Oils and Fats ; Raw Materials ; Bleaching, 

Deodorising and Refining; Butter; Lard; Margarine; Salad Oils; Chocolate Cream; 

Analysis of Raw Materials ; Statistics. 


Essential Oils and Perfumes. 

THE CHEMISTRY OP ESSENTIAL OILS AND ARTI- 
PICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lond.), F.I.C., F.C.S. Second Edition, Revised and Enlarged. 552 pp. 
20 Illustrations. Demy 8vo. Price 12s. fid. net. (Post free, 13s. home ; 
13s. fid. abroad.) 

Contents. 

Chapter I. The General Properties of Bssential Oils. 11. Compounds occurring in 
Essential Oils ; (I-) The Terpenes— Sesquiterpenes— Olefinic Terpenes and Sesquiterpenes— 
Pinene— (11.) The Camphor Series— (III.) The Geraniol and Citronellol Group— The Oeraniol 
and Citronellol Series— (IV.) Benzene Compounds : Cymene— Phenols and their Derivatives 
—Phenols with Nine Carbon Atoms— Phenols with Ten Carbon Atoms— Alcohols— Aldehydes 
—Ketones— Acids— (V.) Aliphatic Compounds ; Alcohols— Acids— Aldehydes— Sulphur Com- 
pounds— Other Bodies. III. The Preparation o! Essential Oils ; Expression— Distillation 
—Extraction. IV. The Analysis of Essential Oils : Specific Gravity--Optical Methods ; 
(1) Refraction (2) Polarimetry, Melting and Solidifying Points— Boding Point and Distillation 
—Quantitative Estimations of Constituents— Aldehydes, Ketones and Oils on which a Direct 
Determination can be made, V. Systematic Study of the Essential Oils. VI. 
Chemistry of Artificial Perfumes. Appendix I. Table on Constanta of the more 
important Essential Oils. Appendix II. Table of Pharraacopoeial Standards. Index. 

Soaps. 

SOAPS. A Practical Manual of the Manufacture of Domestic, 
Toilet and other Soaps. By George H. Hurst, F.C.S. 2nd edition. 
390 pp. 66 Illustrations. Price 12s. fid. net. (Post free, 18s. home ; 
13s. fid. abroad.) 

Contents H 

Introductory— Soap-maker’s Alkalies— Soap Pats and Olls-Perfumes— Water as 
a Soap Material— Soap Machinery— Technology of Soap -maWng— Glycerine in Soap 
Lyes — Laying oat a Soap Factory — Soap Analysis — Appendices* 

TEXTILE SOAPS AND OILS. Handbook on the Prepara- 
tion, Properties and Analysis of the Soaps and Oils used in Textile 
Manufecturing, Dyeing and Printing. By George H. Hurst, F.C.S, 
Crown 8vo. 195 pp. 1904. Price 5s. net. (Post free, 5s. 4d. home ; 
5s. fid. abroad.) 

THE HANDBOOK OP SOAP MANUFACTURE. By 

Wm. H, Simmons, B.Sc. (Lond.), F.C.S. and H. A. Appleton. Deray 
8vo. 160 pp. 27 Illustrations. Price 8s. fid. net. (Post free, 
8s. lOd. home ; 9s. abroad.) 

Contents. 

Definition of Soap. — Properties — Hydrolysis— Detergent Action. Constitution of Oils 
and Fats, and their Saponification.— Researches of Chevreul and Berthelot— Mixed 
Glycerides — Modern Theories of Saponification — Hydrolysis accelerated hy 0) Heat or 
Electricity, (2) Ferments, Castor-seed Ferment, Steapsin Emulsin and (3) Chemical 
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Contents of “Handlbook of Soap Wlanufacture”— 

Reagents, Sulphuric Acid, Twitchcll's Reagent, Hydrochloric Acid, Lime, Magnesia, Zinc 
Oxide, Soda and Potash. Raw Materials used in Soap-making.—Fats and Oils— Waste 
Pats— Fatty Acids-Less-known Oils and Fats of Limited Use— Various New Fats and Oils. 
Suggested for Soap-making— Rosin— Alkali (Caustic and Carbonated)— Water— alt— Soap- 
stock. Bleaching and Treatment of Raw Materials intended for Soap-making.— 
Palm Oil— Cottonseed Oil— Cottonseed “ Foots ’’—Vegetable Oils— Animal Fats— Bone Fat — 
Rosin. Soap- making* —Classification of Soaps— Direct combination of Fatty Acids with 
Alkali— Cold Process Soaps— Saponification under Increased or Diminished Pressure— Soft 
Soap— Marine Soap— Hydrated Soaps, Smooth and Marbled— Pasting or Saponification — 
Graining Out— Boiling on Strength— Fitting— Curd Soaps— Curd Mottled— Blue and Grey 
Mottled Soaps— Milling Base— Yellow Household Soaps— Resting of Pans and Settling of 
Soap— Utilisation of Nigres— Transparent Soaps— Saponifying Mineral Oil— Electrical Pro- 
duction of Soap. Treatment of Settled Soap.— Cleansing— Crutching— Liquoring of Soaps 
—Filling— Neutralising, Colouring and Perfuming— Disinfectant Soaps— Framing— Slabbing. 
— Barring— Open and Close Piling— Drying— Stamping— Cooling. Toilet, Textile and' 
Miscellaneous Soaps.— Toilet Soaps — Cold Process Soaps— Settled Boiled Soap — Remelted 
Soaps— Milled Soaps— Drying, Milling and Incorporating Colour, Perfumes, or Medicaments 
—Perfumes— Colouring Matter — Neutralising and Super-fatting Material — Compressing — 
Cutting — Stamping — Medicated Soaps — Ether Soap — Floating Soaps — Shaving Soaps — 
Textile Soaps— Soaps for Woollen, Cotton and Silk Industries— Patent Textile Soaps— 
Miscellaneous Soaps, Soap Perfumes.— Essential Oils— Source and Preparation— Properties- 
—Artificial and Synthetic Perfumes. Glycerine Manufacture and Purification.— Treat- 
ment of Lyes— Evaporation— Crude Glycerine— Distillation— Distilled and Dynamite- 
Glycerine— Chemically Pure Glycerine — Animal Charcoal for Decolorisation — Glycerine 
resultant from other methods of Saponification— Yield of Glycerine from Fats and Oils. 
Analysis of Raw Materials, Soap and Glycerine.— Fats and Oils— Alkalies and Alkali: 
Salts— Essential Oils— Soap— Lyes— Crude Glycerine. Statistics of the Soap Industry*. 
Appendix A.— Comparlsbn of Degrees Twaddell, Beaume and Actual Densities. 
Appendix B.— Comparison of Different Thermometric Scales. Appendix C.— Table of 
the Specific Gravities of Solutions of Caustic Soda. Appendix D. — Table of Strength, 
of Caustic. Potash Solutions at 6o° P. Index. 

Cosmetical Preparations. 

COSMETICS : MANUFACTURE, EMPLOYMENT 

AND TESTING OP ALL COSMETIC MATERIALS 
AND COSMETIC SPECIALITIES. Translated 

from the German of Dr. Theodor Roller. Crown 8vo. 262 pp. 
Price 5s. net. (Post free, Ss. 4d, home ; 5s. 6d. abroad.) 

Contents. 

Purposes and Uses of, and Ingredients used in the Preparation of Cosmetics — Preparation of' 
Perfumes by Pressure, Distillation, Maceration, Absorption or Enfleurage, and Extraction 
Methods— Chemical and Animal Products used in the Preparation of Cosmetics — Oils and Fats 
used in the Preparation of Cosmetics— General Cosmetic Preparations — Mouth Washes and! 
Tooth Pastes — Hair Dyes, Hair Restorers and Depilatories — Cosmetic Adjuncts and 
Specialities— Colouring Cosmetic Preparations— Antiseptic Washes and Soaps— Toilet and 
Hygienic Soaps— Secret Preparations for Skin, Complexion, Teeth, Mouth, etc.— Testing and' 
Examining the Materials Employed In the Manufacture of Cosmetics — Index. 

Glue, Bone Products and 
iHanures. 

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc.. 
(Lond.), F.I.C. Fourteen Engravings. 144 pp. Demy 8vo. Price 
10s. 6d. net. (Post free, 10s. lOd. home ; 11s. abroad.) 

Contents. 

Constitution and Properties: Definitions and Sources, Gelatine, Chondrin and Allied 
Bodies, Physical and Chemical Properties, Classification, Grades and Commercial Varieties- 
—Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing and Clari- 
fying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of Antiseptics 
various Processes, Cleansing, Forming, Drying, Crushing, etc.. Secondary Products — Uses 
of Glue ; Selection and Preparation for Use, Carpentry, Veneering, Paper-Making, Book 
binding. Printing Rollers, Hectographs, Match Manufacture, Sandpaper, etc., Substitutes for 
other Materials, Artificial Leather and Caoutchouc— Gelatine : General Characters, Liquid 
Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo-Gelatine, Artificial Silk, 
Cements, Pneumatic Tyres, Culinary, Meat .Extracts, Isinglass, Medicinal and other Uses,. 
Bacteriology— Glue Testing : Review of Processes, Chemical Examiaatfon, Adulteration 
Pl.ysical Tests, Valuation of Raw Materials-r-Commerclal Aspects. 


BONE PRODUCTS AND MANURES : An Account of the 

most recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

Contents. 

Chemical Composition of Bones—Arrangement of Factory — Properties of Glue — Olutin 
and Chondrin — Slim Glue — Liming of Skins — Washing — Boiling of Skins—CIarification of Glue 
Liquors— GIue-BolHng and Clarifying-House — Specification of a Glue — Size — Uses and Pre- 
paration and Composition of Size— Concentrated Size — Properties of Gelatine — Preparation 
of Skin Gelatine — Drying — Bone Gelatine — Selecting Bones — Crushing — Dissolving — Bleaching 
— Boiling — Properties or Glutin and Chondrin — ^Testing of Glues and Gelatines — The Uses or 
Glue, Gelatine and Size in Various Trades — Soluble and Liquid Glues — Steam and Waterproof 
Glues— Manures — Importation of Food Stuffs — Soils — Germination — Plant Life — Natural 
Manures— Water and Nitrogen in Farmyard Manure — Full Analysis of Farmyard Manure 
— ^Action on Crops — Water-Closet System — Sewage Manure — Green Manures — Artificial 
Manures- Mineral Manures— -Nitrogenous Matters— Shoddy — Hoofs and Horns — Leather 
Waste— Dried Meat — Dried Blood — Superphosphates — Composition — Manufacture— Common 
Raw Bones — Degreased Bones — Crude Fat — Refined Fat — Degelatinised Bones — Animal 
Chareoal— Bone Superphosphates — Guanos — Dried Animal Products — Potash Compounds — 
Sulphate of Ammonia — Extraction in Zacuo — French and British Gelatines compared — Index. 

Chemicals, Waste Products and 
Agricultural Chemistry. 

REISSUE OF CHEMICAL ESSAYS OP O. W. 
SCHEELE. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. SOU 
pp. Demy 8vo. Price 5s. net. (Post free, 5s. 6d. home ; 5s. 9d. abroad.) 

Contents. 

Memoir: C. W« Scheele and his work (written for this edition by J. G. McIntosh) — On 
Fluor Mineral and its Acid — On Fluor Mineral— Chemical Investigation of Fluor Acid, 
with a View to the Earth which it Yields, by Mr. Wiegler — ^Additional Information 
Concerning Fluor Minerals — On Manganese, Magnesium, or Magnesia Vitrariorum — On 
Arsenic and its Acid — Remarks upon Saits of Benzoin — On Silex, Clay and Alum — Analysis 
of the Calculus Vesical — Method of Preparing Mercurius Dulcis Via Humida — Cheaper and 
more Convenient Method of Preparing Pulvis Algarothi — Experiments upon Molybdsena 
— Experiments on Plumbago— Method of Preparing a New Green Colour — Of the De- 
composition of Neutral Salts by Unslaked Lime and Iron — On the Quantity of Pure Air which 
is Daily Present in our Atmosphere — On Milk and its Acid — On the Acid or Saccharum Lactis 
—On the Constituent Parts of Lapis Ponderosus or Tungsten — Experiments and Observations 
on Ether— Index. 

THE MANUFACTURE OP ALUM AND THE SUL- 
PHATES AND OTHER SALTS OP ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts, Manufac- 
tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of Lucien Geschwind. 196 Illustrations, 400 pp. 
Royal 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manufacture 

and Uses. By Camille Vincent, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
Salter. Royal 8vo. 114 pp. Thirty-two Illustrations. Pnce5s.net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

General Considerations: Various Sources of Ammoniacal Products; Human Urine 
as a Source of Ammonia— Extraction of Ammoniacal Products from Sewage- 
Extraction of Ammonia from Gas Liquor— Manufacture of Ammoniacal Com- 
pounds from Bones, Nitrogenous Waste, Beetroot Wash and Peat— Manufacture of 
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate— Recovery 
of Ammonia from the Ammonia- Soda Mother Liquors — Index. 
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INDUSTRIAL ALCOHOL. A Practical Manual on the 
Production and Use of Alcohol for Industrial Purposes and for Use as 
a Heating Agent, as an Illuminant and as a Source of Motive Power, 
By J. G. M‘Intosh, Lecturer on Manufacture and Applications of 
Industrial Alcohol at The Polytechnic, Regent Street, London. 
Demy 8vo. 1907. 250 pp. With 75 Illustrations and 25 Tables, 
Price 7s. 6d. net. (Post free, 7s. 9d. home j 8s. abroad.) 

Contents. 

Alcohol and Its Properties.— Ethylic Alcohol— Absolute Alcohol— Adulterations— 
Properties of Alcohol— Fractional Distillation— Destructive Distillation— Products of Com- 
bustion— Alcoholometry— Proof Spirit — ^Analysis of Alcohol— Table showing Correspondence 
between the Specific Gravity and Per Cents, of Alcohol over and under Proof — Other 
Alcohol Tables. Continuous Aseptic and Antiseptic Fermentation and Sterilisation 
in Industrial Alcohol Manufacture. The Manufacture of Industrial Alcohol from 
Beets. — Beet Slicing Machines — Extraction of Beet Juice by Maceration, by Diffusion — 
Fermentation in Beet Distilleries— Plana of Modern Beet Disttllery. The Manufacture of 
Industrial Alcohol from Grain.— Plan of Modern Grain Distillery. The Manufacture of 
Industrial Alcohol from Potatoes. The Manufacture of Industrial Alcohol from 
Surplus Stocks of Wine, Spoilt Wine, Wine Marcs, and from Fruit in General. The Manu- 
facture of Alcohol from the Sugar Cane and Sugar Cane Molasses— Plans, Plant, etc., 
for the Distillation and Rectification of Industrial Alcohol.— The Caffey and other 
** Patent" Stills— Intermittent versus Continuous Rectification — Continuous Distillation — 
Rectification of Spent Wash. The Manufacture and Uses of Various Alcohol 
Derivatives, Ether, Haloid Ethers, Compound Ethers, Chloroform— Methyl and Amyl 
Alcohols and their Ethereal Salts, Acetone— Barbet’s Ether, Methyl Alcohol and Acetone 
Rectifying Stills. The Uses of Alcohol In Manufactures, etc.— List of Industries in 
which Alcohol is used, with Key to Function of Alcohol in each Industry. The Uses of 
Alcohol for Lighting, Heating, and Motive Power, 

ANALYSIS OF RESINS AND BALSAMS. Translated 
from the German of Dr. Karl Dieterich. Demy 8vo. 840 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 8d. abroad.) 

MANUAL OP AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, F.I.C., Late Lecturer on Agricultural Chemistry, the 
Leeds University; Lecturer in the Victoria University. Second 
Edition, with additional matter relating to Tropical Agriculture, etc. 
438 pp. 11 Illustrations. Demy 8vo. Price 7s. 6d. net. (Post free, 
8s. home ; 8s. 6d. abroad.) 

Contents. 

Properties and Characteristics of the Elements,— Hydrogen— Oxygen— Heat of Com- 
bustion — Nitrogen — Carbon — Sulphur — Phosphorous — Potassium — Sodium — Fluorine — 
Magnesium — Iron— Chlorine — Aluminium — Silicon — Borax. The Atmosphere. — Nitrogen- 
Oxygen — ^Argon— Carbon Dioxide— Ammonia— Nitric Acid— Ozone — Solid Matter. The Soil. 
—Classification of Rocks— Quartz — Felspar — Mica — Clay — Sandstones — Shales — Limestones 
— Calcareous Rocks— Transported Soils. Formation of Soils. — By Water, Air, Earth 
Worms, Vegetation and Bacteria— Sand— Clay— Limestone— Humus— Classification of Soils. 
Reactions in Soils. — Diffusion— Gravitation— Nitrification— Soil Gases — ^Water of the Soil — 
Biology of the Soil — Electrolytic Dissociation Theory — Mass Action. Analysis of Soils. — 
Sampling— Mechanical and Chemical Analyses— Determination of Silica, Alumina, Ferric 
Oxide, Total Potash and Phosphoric Acid, Lime, Magnesia, Calcium Carbonate, Sulphuric 
Acid, Nitrates and Nitrites. Natural Manures. — Improvement of Soils— Farmyard Manure 
— Composition of Animal Excreta— Use of Litter, Straw, Peat, Bracken, Leaves, Sawdust, 
Tanners’ Refuse— Fermentation, and Preservation of Farmyard Manure. Other Organic 
Manures. — Guano — Poultry and Fish Manures— Seaweed — Dried Blood— Bones — Meat 
Guano— Hair— Soot— Oil-cakes. Nitrogenous Manure8.^Sodium Nitrate— Ammonium 
Sulphate— Phosphatic Manures— Tricalcum Phosphate— Coprolites— Phosphorites — Mineral 
Superphosphates— Basic Slag — Potash Manures— Composition of Principal Potash Salts — 
Various Manures— Common Salt— Gypsum— Limestone— Ferrous Sulphate— Gas Lime- 
Copper Sulphate. Analysis of Manures. — Constituents— Determination of Nitrogen — 
Phosphoric Acid— Potassium — ^Valuation of Manures from Analysis. Constituents of 
Plants.— Carbohydrates— Sugars— Starch — Dextrin— Glycogen— Inulin — Gums— Cellulose — 
'Glucose — Fructose — Cane Sugar — Meletrose — Arabinose — Xylose — Lignose — Pectose — Gly- 
cerol — Waxes— Organic Acids and their Saits. Essential Oils and Resins. — ^Terpenes — 
Oxygenated Essential Oils— Essential Oils containing Sulphur — Resins. Nitrogenous Sub- 
stances.— Albuminoids— Amides— Alkaloids — Chlorophyll. The Plant. — Germination — 
Roots — Osmotic Pressure— Leaves— Assimilation— Flowers. Crops. — Cereals — Root Crops 
— Fodder Crops— Hay— Ventilating Stacks — Silage— Composition of Crops. The Animal. — 
Blood— Bones — Fatty Tissue — Muscle— Digestion — Bile— Urine. Poods and Feeding. — 
Composition of Oil-cake— Bye-Products as Foods— Digestibilify of Foods— Calorific Value of 
Poods — Feeding Standards— Manurial Value of Foods. Milk and Milk Products. — Fat — 
Albuminoids— Milk Su^ar— Chemical Composition of Cow’s Milk — Influence of Food, Season 
and Milking Time— Milk Products— Cream — Skimmed Milk— Butter— Butter-milk— Cheese — 
Condensed Milk— Koumiss* -Milk Preservation. Analysis of Milk and Milk Products.— 
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Milk— Amount of Fat— Determination of Total Solids, Specific Gravity, Proteids, Milk Sugar 
— Adulteration of Milk— Detection of Preservatives — Butter — Butter Colouring— Cheese- 
Milk Standards. Various Products used in Agriculture.— Arsenio us Oxide— Bleaching 
Powder— Copper Salts — Disinfectants— Fungicides — Iron Sulphate — Mercuric Chloride- 
Plant Poisons. Appendix.— Atomic Weights— Hydrometer Scales — Metric System- 
Solubilities. Tropical Agriculture, etc.— Composition of Rain Water— Irrigation Wdter— 
Earth Worms— Motion of Water in Soil— Analysis of Soils— Green Manuring — Kraal Manure 
— Bats' Guano— Artificial Manures— The Plant — Rice— Maize— Millet — Cotton — Flax— Castor 
Seeds — Sunflower — Composition of Various South African Grown Crops— Ash Constituents of 
Foods— Variations in the Composition of Milk— Butter— Fat— Bordeaux Mixture— Insecticides. 

THE UTILISATION OP WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Theodor Roller. Translated from the 
Second Revised German Edition. Twenty-two Illustrations. Demy 
Svo. 280 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home; Ss. 3d. 
abroad.) 

THE MANUFACTURE OP CHEMICAL MANURES. 

From the French of J. Fritsch. With 70 Illustrations and 4 Plates. 

\In preparation. 

The Contents will include Superphosphates, Guanos, Nitrate of Soda, Dried Blood, Sulphate 
of Ammonia, Potashes, etc. 

Writing Inks and Sealing Waxes. 

INK MANUFACTURE : Including Writing, Copying, Litho- 
graphic, Marking, Stamping, and Laundry Inks. By Sigmund Lehnbr. 
Three Illustrations. Crown Svo. 162 pp. Translated from the German 
of the Fifth Edition. Price 5s. net. (Post free, 5s, 8d. home ; 5s. 6d. 
abroad.) 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Standage. Crown 
8vo, 96 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 
Contents. 

Materials Used for Making Sealing-Waxes— The Manufacture of Sealing-Waxes— 
Wafers— Notes on the Nature of the Materials Used in Maldng Adhesive Compounds — Cements 
for Use in the Household — Office Gums, Pastes and Mucilages— Adhesive Compounds for 
Factory and Workshop Use. 

Lead Ores and Compounds. 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy Svo. 226 pp. Forty Illus- 
trations. Price 7s. 6d. net, (Post free, 7s. lOd. home ; 8s. 3d. abroad.) 

IContents. 

History — Ores of Lead — Geographical Distribution of the Lead Industiy — Chemical and 
Physical Properties of Lead — ^Alloys of Lead — Compounds of Lead — Dressing of Lead Ores 
—Smelting or Lead Ores — Smelting in the Scotch or American Ore-hearth — Smelting in the 
Shaft or Blast Furnace— Condensation of Lead Fume — Desilverlsation, or the Separation 
of Silver from^ Argentiferous Lead— Cupellation— The Manufacture of Lead Pipes and 
Sheets — Protoxide of Lead — Litharge and Massicot — Red Lead or Minium — Lead Poisoning 
—Lead Substitutes — Zinc and its Compounds — Pumice Stone — Drying Oils and Siccatives 
— Oil of Turpentine Resin — Classification of Mineral Pigments — ^Analysis of Raw- and Finished 
Products- Tables — Index. 

NOTES' ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown Svo. 64 pages. Price Is. net. 
(Post free, Is. 3d. home ; Is. 4d. abroad.) 

Lead and Zinc White Paints^ seep. 4.) 
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Industrial Hygiene. 

THE RISKS AND DANGERS TO HEALTH OP VARI. 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., B.Sc. (Lond.). 196 pp. Demy 8 vo. 
Price 7s. 6 d. net, (Post free, 78. lOd. home ; 8 s. abroad.) 

Contents. 

Occupations which are Accomjpanied by the Generation and Scattering of Abnormal 
Quantities of Dust— Trades in which there is Danger of Metallic Poisoning— Certain Chemi- 
cal Trades — Some Miscellaneous Occupations— Trades in which Various Poisonous Vapours 
are Inhaled — General Hygienic Considerations — Index. 

Industrial Uses of Air, Steam and 
Water. 

DRYING BY MEANS OP AIR AND STEAM. Explana- 

tions, Formulae, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Two folding Diagrams and Thirteen Tables. 
Crown 8 vo. 72 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6 d. 
abroad.) Contents. 

British and Metric Systems Compared— Centigrade and Pahr. Thermometers— Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo, 
of Air at Different Pressure and Temperatures— Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated 
Air, at the Atmospheric Pressure: A, With the Assumption that the Air is Completely Satur- 
ated with Vapour both before Entry and after Exit from the Apparatus — jS, When the 
Atmospheric Air is Completely Saturated before eniry^ but at its exit is only f, J or J Saturated 
— C, When the Atmospheric Air is not Saturated with Moisture before Entering the Drying 
Apparatus— Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially 
Created, Higher or Lower than that of the Atmosphere— Drying by Means of Superheated 
Steam, without Air — Heating Surface, Velocity of the Air Current, Dimensions of the Drying 
Room, Surface of the Drying Material, Losses of Heat — Index. 

(S^?e also “ Evaporatings Condensing and Cooling Apparatus^' p, 26 .) 

PUHEI AIR, OZONE AND WATER. A Practical Treatise 
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8 vo. 85 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6 d. abroad.) 
Contents. 

Atmospheric Air; Lifting of Liquids ; Suction Process; Preparing Blown Oils; Preparing 
Siccative Drying Oils — Compressed Air; Whitewash — Liquid Air; Retrocession — l?urification 
of Water ; Water Hardness— Fleshings and Bones — Ozonised Air in the Bleaching and De- 
odorising of Fats, Glues, etc. ; Bleaching Textile Fibres — Appendix: Air and Gases; Pressure 
of Air at Various Temperatures; Fuel; Table of Combustibles; Savit^ of Fuel by Heating 
Feed Water; Table of Solubilities of Scale Making Minerals; British Thermal Units Tables ; 
Volume of the Flow of Steam into the Atmosphere ; Temperature of Steam — Index, 

THE INDUSTRIAL USES OP WATER. COMPOSI- 
TION — EPPECTS— TROUBLES — REMEDIES— RE- 
SIDUARY WATERS— PURIPIOATION— ANALYSIS. 

By H. DE LA Coux. Royal 8 vo, Translated from the French and 
Revised by Arthur Morris. 364 pp. 135 Illustrations. Price 10s. 6 d. 
net. (Post free, 11s. home; 11s. 6 d. abroad.) 

. . . . . Contents. 

Chemical Action of Water in Nature and in Industrial Use — Composition of Waters — 
Solubility of Certain Salts In Water Considered from the Industrial Point of View — Effects on 
the Boiling of Water — Effects of Water in the Industries — Difficulties with Water — Feed 
Water for Boijers— Water in Dyeworks, Print Works, and Bleach Works— Water in the 
Textile Industries and in Conditioning — ^Water in- Soap Works— Water in Laundries and 
W^hhouses— Water in Tanning— Water in Preparing Tannin and Dyewood Extracts— Water 
m Papermaking— Water in Photography— Water in Sugar Refining— Water in Making Ices 
and Beverages — Water in Cider Making— Water in Brewing— Water in Distilling — Preliminary 
Treatment and Apparatus— Substances Used for Preliminary Chemical Purification — Com- 
mercial Specialities and their Employment— Precipitation of Matters in Suspension in Water 
—Apparatus for the Preliminary Chemical Purification of Water— Industrial Filters— I ndus- 
trial Sterilisation of Water — Residuary Waters and their Purification — Soil Filtration- 
Purification by Chemical Processes — ^Analyses— Index. 

(See Books on Smoke Preventions Engineering and Metallurgy s p* 26 , etc^) 
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X Rays. 

PRACTICAL X RAY WORK. By Frank T. Addyhan, 

B.Sc. (Lond.), Member of the Roentgen Society of London ; 

Radiographer to St. George’s Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George’s Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lls. 3d. abroad.) 

Contents. 

Historical — Work leading ^ to the Discovery of the X Rays — ^The Discovery — A]mara« 
tU8 and its Management— Electrical Terms—Sources o£ Electricity— Induction Coils— 
Electrostatic Machines— Tubes— Air Pumps— Tube Holders and Stereoscopic Apparatus — 
Fluorescent Screens— Practical X Ray Work— Installations— Radioscopy — Radiography— 
X Rays in Dentistry — Rays in Chemistry— X Rays in War — index. 

List of Plates. 

Frontispiece — Congenital Dislocation of Hip-Joint. — I., Needle in Finger. — 11., Needle in 
Foot— III., Revolver Bullet in Calf and Leg.— IV,, A Method of Localisation.— V , Stellate 
Fracture of Patella showing shadow of “Strapping”. — ^VI., Sarcoma. — ^VII., SIx-weeks-oId 
Injury to Elbow showing new Growth of Bone.— VIII., Old Fracture of Tibia and Fibula 
badly set. — IX., Heart Shadow. — X., Fractured Femur showinc Grain of Splint. — XI., Bar 
rell's Method of Localisation. 

India-Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PEROHA. Second 

English Edition, Revised and Enlarged. Based on the French work of 
T. Seeligmann, G. Lamy Torvilhon and H. Falconnet by John 
Geddes McIntosh. Royal 8vo. 400 pages. Over 100 Illustrations. 
Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

Contents. 

India-Rubber— Botanical Origin — Climatology — Soil — Rational Culture and Acclimation 
of the Different Spezies of India-Rubber Plants — Methods of Obtaining the Latex — Methods 
of Preparing Raw or Crude India-Rubber — Classification of the Commercial Species of 
Raw Rubber — Physical and Chemical Properties of the Latex and of India-Rubber — 
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc 
(Purification) and Normal Rubber into Masticated Rubber — Softening, Cutting, Washing, 
Drying— Preliminary Observations — Vulcanisation of Normal Rubber — Chemical and Physical 
Properties of Vulcanised Rubber— General Considerations — Hardened Rubber or Ebonite- 
Considerations on Mineralisation and other Mixtures — Coloration and Dyeing — Analysis 
of Natural or Normal Rubber and Vulcanised Rubber— Robber Substitutes — Imitation Rubber 
Gutta Percha— Botanical Origin— Climatology— Soil— Rational Culture — Methods of 
Collection— Classification of the Different Species of Commercial Gutta Percha — Physical 
and Chemical Properties- Mechanical Transformation — Methods of Analysing — Gutta Percha 
Substitutes — Index. 

Leather Trades. 

PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M, Villon. Translated by Frank T. 
Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected by an Emi- 
nent Member of the Trade. 600 pp., royal 8vo. 123 Illustrations. 
Price 21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.) 

Contents. 

Preface— Translator’s Preface— List of Illustrations. 

Part I., Materials used in Tanning — Skins: Skin and its Structure; Skins used in 
Tanning; Various Skins and their Uses — Tannin and Tanning Substances: Tannin; Barks 
(Oak); Barks other than Oak; Tanning Woods ; Tannin-bearing Leaves; Excrescences; 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tannin{| Substances 
used in Various Countries; Tannin Extracts; Estimation of Tannin and Tannin Principles. 

Part II., Tanning — ^The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers, 
etc.; Steam Engines — Grinding and Trituration of Tanning Substances: Cutting up Bark; 
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on 
. the Grinding of Bark — Manufacture of Sole Leather: Soaking; Sweating and tJnhairing; 
Plumping and Colouring; Handling; Tanning; Tanning Elephants' Hides; Drying; 
Striking or Pinning — Manufacture of Dressing Leather: Soaking; Depilation; New Pro- 
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu- 
facture of Split Hides — On Various Methods of Tanning: Mechanical Methods; Physical 
Methods; Chemical Methods; Tanning with Extracts — Quantity and Quality; Quantity; 
Net Cost; Quality of Leather — Various Manipulations of Tanned Leather: Second Tanning; 
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather; 
Preservation of Leather— Tanning Various Skins. 
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Part JII., Currying — Waxed Calf: Preparation; Shaving; Stretching or Slicking; 
Oiling the Grain; Ofling the Flesh Side; Whitening and Graining; Waxing; Finishing; Dry 
Finishing; Finishing in Colour; Cost — White Calf: Finishing in White — Cow Hide for 
Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide— Smooth Cow 
Hide— Black Leather— Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat 
Sidn — Russia Leather: Russia Leather; Artificial Russia Leather. 

Part XV., Hnamelled, Hungary and Chamoy Leather, Morocco, Parchment, Purs 
and Artificial Leather— Enamelled Leather: Varnish Manufacture; Application of the 
Enamel; Enamelling in Colour— Hungary Leather: Preliminary; Wet Work or Prepara- 
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides 
—Tawing : Preparatory Operations ; Dressing ; Dyeing Tawed Skins ; Rugs— Chamoy Leather 
— Morocco: Preliminary Operations, Morocco Tanning; Mordants used in Morocco Manu- 
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods 
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with 
Metallic Salts; Leather Printing ; Finishing Morocco ; Shagreen ; Bronzed Leather— Gilding 
and Silvering: Gilding; Silvering; Nickel and Cobalt — Parchment — Furs and Furriery; 
Preliminary Remarks; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Furs 
from Cold Countries; Furs from Birds’ Skins; Preparation of Furs; Dressing; Colouring; 
Preparation of Birds’ Skins ; Preservation of Furs— Artificial Leather : Leather made from 
Scraps; Compressed Leather; American Cloth; Papier M&ch6; Linoleum; Artificial Leather. 

Part V., Leather Testing and the Theop^ of Tanning— Testing and Analysis of Leather ; 
Physical Testing of Tanned Leather; Chemical Analysis— The Theory of Tanning and the 
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un- 
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the 
Action of Tannin on the Skin ; Theory of Hungary Leather Making ; Theory of Tawing ; 
Theory of Chamoy Leather Making; Theory of Mineral Tanning. 

Part VI., Uses of Leather— Machine Belts: Manufacture or Belting; Leather Chain 
Belts; Various Belts; Use of Belts— Boot and Shoe-making: Boots and Shoes; Laces — 
Saddlery: Composition of a Saddle; Construction of a Saddle— Harness : The Pack Saddle- 
Harness— Military Equipment- Glove Making — Carriage Building — Mechanical Uses. 

Appendix, The World’s Commerce in Leather— Europe; America; Asia; Africa; 
Australasia — Index. 

THE LEATHER WORKER’S MANUAL. Being a Com- 
pendiurn of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standage. Demy 8vo. 165 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather — 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc.— Leather Grinders’ Sundries— Currier's Seasonings, Blacking Compounds, 
Dressings, Finishes, Glosses, etc, — Dyes and Stains for Leather— Miscellaneous Information 
— Chrome Tannage — Index. 

{See ** Wood Products ^ Distillates and Extracts^' p. 29). 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OP PRACTICAL POTTING. Compiled 

by Experts, and Edited by Chas. F. Binns. Third Edition, Revised 
and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. (Post free, 
17s. lOd. home; 18s. 8d. abroad.) 

Contents. 

Introduction. The Rise and Progress of the Potter’s Art— Bodies. China and Porcelain 
Bodies, Parian Bodies, Semi-porcelam and Vitreous Bodies, Mortar Bodies, Earthenwares 
Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured 
Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body 
Stains, Coloured Dips— Glazes. China Glazes, Ironstone Glazes, Earthenware Glazes, 
Olazek without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours— Gold and 
Gold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases, 
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes— Means and Methods. Reclamation of Waste Gold, 
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold — Classification and 
Analysis. Classification of Clay Ware, Lord Playfair’s Analysis of Clays, The Markets of 
the World, Time and Scale oi Firing, Weights of Potter’s Material, Decorated Goods 
Count — Comparative Loss of Weight or Clays— Ground Felspar Calculations— The Conver- 
sion of Slop Body Recipes into Dry Weight— The Cost of Prepared Earthenware Clay- 
Forms and Tables. Articles of Apprenticeship, Manufacturer’s Guide to Stocktaking, 
Table of Relative Values of Potter’s Materials, Hourly Wages Table, Workman’s Settling 
Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint 
and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the 
Conversion of Metrical Weights and Measures on the Continent and South America— Index . 
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CERAMIC TECHNOLOGY: Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by Charles 
F. Binns. 100 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 
12s. lOd. home; 13s. abroad.) 

Contents. 

Preface— The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com- 
ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making— Index. 


POTTERY DECORATING. A Description of all the Pro- 
cesses for Decorating Pottery and Porcelain. By R. Hainbach. 
Translated from the German. Crown 8vo. 250 pp. Twenty-two 
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Glazes and Gngobes.— Glazes and Their Composition— Glaze Materials— The Prepara- 
tion of Glazes— Coloured Glazes— Engobes and Glazes for same— Porcelain Glazes. Ceramic 
Colours.— Preparation of Pure Colours— Underglaze Colours— Applying the Colours on 
Earthenware — Glost Fire Colours — Mufile Colours — Decorating Porcelain with Metals — 
Decorating Porcelain by Electroplating — Lustre Decorating on Porcelain — Firing MufBe 
Colours— Imitation of Paintings on Porcelain — Index. 

MODERN BRICK-MAKING. By Alfred B. Searle, Ph.D. 

Illustrated. [/« the press, 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lef]&vre, 
Translated from the French by K. H. Bird, M.A., and W. Moore 
Binns. With Five Plates. 950 Illustrations in the Text, and numerous 
estimates. 500 pp., royal 8vo, Price 15s. net. (Post free, ISs. 6d. 
home; 16s. 6d. abroad.) 

Contents. ^ 

Part I,, Plain Undecorated Pottery. — Chapter I., Clays ; Sec. 1, Classification, General 
Geological Remarks— Classification, origin, locality ; Sec. 2, General Properties and Composi- 
tion: physical properties, contraction, analysis, influence of various substances on the 

S roperties of clays; Sec. 3, Working of Clay Pits — I. Open pits — U. Underf*round pits — 
lining Laws. Chapter 11., Preparation of the Clay : Crushing cylinders and mills, pounding 
machines— Damping j damping machines— Soaking, Shortening, Pugging; horse and steam 
pug-mills, rolling cylinders — Particulars of the above machines. Chapter III., Bricks : Sec. 1, 
Manufacture— (1) Hand and machine moulding. — I. Machines working by compression ; on soft 
clay, on semi-firm clay, on firm clay, on dry clay.— II. Expression machines— Dies — Cutting- 
tables — Particulars of the above machines— Types of installations — Estimates — Planishing, 
hand and steam presses, particulars— (2) Drying — ^Drying-roams in tiers, closed drying-rooms, 
in tunnels, in galleries— Detailed estimates of the various drying-rooms, comparison of prices — 
Transport from the machines to the drying-rooms— (3) Firing— I. In clamps— II. In intermittent 
kilns. A, Open ; a, using wood ; b. coal ; b>, in clamps ; 6". flame— B. Closed : c. direct flame ; 
c'. rectangular; c". round; d. reverberatory— III. Continuous kilns. C. With solid fuel ; round 
kiln, rectangular kiln, chimneys (plans and estimates) — D. With gas fuel, Fillard l<i!n (plans and 
estimates), Schneider kiln (plans and estimates), water-gas kiln— Heat production of the kilns ; 
Sec. 2, Dimensions, Shapes, Colours, Decoration and Quality/ of Bricks — Hollow bricks— 
Dimensions and prices of bricks, various shapes, qualities— Various hollow bricks, dimensions, 
resistance qualities ; Sec. 3, Applications— History— Asia, Africa, America, Europe : Greek, 
Roman, Byzantine, Turkish, Romanesque, Gothic, Renaissance. Chapter IV,, Tiles: Sec. 1, 
History ; etc. 

Part II., Made-up or Decorated Pottery.— Chapter I., General Remarks on the 
Decoration of Pottery: Dips— Glazes; composition, colouring, preparation, harmony with 
pastes— Special processes of decoration — Enamels, opaque, transparent, colours, under-glaze, 
over>glaze— Other processes. Chapter II., Glazed and Enamelled Bricks — History: Glazing 
—Enamelling— Applications— Enamelled tiles. Chapter III., Decorated Quarries : I. Paving 
Quarries— 1. Decorated with dips — 2. Stoneware; A. Fired to stoneware; a. of slag bas^ 
Applications ; b. of melting clay— Applications — B. Plain or incrusted stoneware ; a. of special 
clay (Stoke-on-Trent)— Manufacture— Application — 6. Of felspar base — Colouring, manu- 
facture, moulding, drying, firing — Applications. II. Facing Quarries— 1. In faience— .4. Of 
limestone paste— B, Of silicious paste— C. Of felspar paste— Manufacture, firing--2. Of glazed 
stoneware — 3. Of porcelain — Applications of facing quarries. III. Stove Quarries — Prepara- 
tion of the pastes, moulding, firing, enamelling, decoration — Applications. Chapter IV,, 
Architectural Decorated Pottery: Sec. 1, Faiences; Sec. 2, Stoneware; Sec, 3, Porcelain. 
Chapter V., Sanitary Pottery : Stoneware Pipes— Manufacture, firing— Applications — Sinks— 
Applications — Urinals, seats and pans— Applications— Drinking fountains, wash-stands. Index. 
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BRITISH POTTERY MARKS. By G. Woolliscroft Rhead. 
Demy 8vo. With over 1,000 Illustrations of Marks and Photographs of 
Pottery. \In the press. 

THE ART OP RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition. 

Paper Cover. Price Is. net. (By post, home or abroad, Is. Id.) 

NOTES ON POTTERY CLAYS. The Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. Price 3s. 6d. 
net, (Post free, 3s. 9d. home ; 3s. lOd. abroad.) 

A Eeissue of 

THE HISTORY OP THE STAFFORDSHIRE POTTER- 
IES ; AND THE RISE AND PROGRESS OP THE 
MANUFACTURE OP POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot» 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 

Demy 8vo. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 9d, abroad.) 

Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
(1899) — Preliminary Remarks-— The Potteries, comprising Tunstall, Brownhills, Green* 
Held and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hall, 
Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, Fenton, Lane Delph, 
Foley, Lane End— On the Orlgfln of the Art, and its Practice among the early Nations — 
Manufacture of Pottery, prior to 1700— The introduction of Red Porcelain by Messrs. 
Elers, of Bradwell, 1690— Progress of the Manufacture from 1700 to Mr. Wedgwood’s 
commencement in 1760— introduction of Fluid Glaze— Extension of the Manufacture of 
Cream Colour—Mr. Wedgwood’s Queen's Ware— Jasper, and Appointment of Potter to Her 
Majesty— Black Printing— Introduction of Porcelain. Mr. W. Littler’s Porcelain— Mr. 
Cookworthy’s Discovery of Kaolin and Petuntse, and Patent — Sold to Mr. Champion— re- 
sold to the New Hall Com.— Extension of Term — Blue Printed Pottery. Mr. Turner, Mr. 
Spode (1), Mr. Baddeley, Mr, Spode (2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton- 
Great Change in Patterns of Blue Printed— Introduction of Lustre Pottery. Improve- 
ments in Pottery and Porcelain subsequent to 1800. 

A Reissue of 

THE CHEMISTRY OP THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 
(Originallypublishedin 1837.) 760pp. RoyalSvo. Price 10s. net. (Post 
free, 10s. fc’d. home; 12s. abroad.) 

Glassware, Glass Staining and. 
Painting. 

RECIPES FOR FLINT GLASS MAKING. By a British 

Gla^s Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Ciystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Second Edition. Crown 8vo. Price 10s. 6d. net. 
{Post free, 10s. 9d. home; 10s. lOd. abroad.) 

. « . . ^ Contents! 

Ruby — Ruby from Copper — Flint for using with the Ruby for Coating — X German Metal — 
Cornelian, or Alabaster — Sapphire Blue — Crysophis— Opal — ^Turquoise Blue — Gold Colour — 
Dark Green — Green (common)— Green for Malachite — Blue for Malachite — Black for Mala- 
chite — Blpk— Common Canary Batch— Canary— White Opaque Glass — Sealing-wax Red — 
Flint— Flint Glass (Crystal and Demi)— Achromatic Glass— Paste Glass— White Enamel — 
Firestone— Dead White (for moons) — White Agate — Canary— Canary Enamel — Index. 
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,A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Suffung. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

A Short History of Stained Glass— Designing Scale Drawings — Cartoons and the Cut Line 

• —Various Kinds of Glass Cutting for Windows — The Colours and Brushes used in Glass 
L'Painting — Painting on Glass, Dispersed Patterns— Diapered Patterns — ^Aciding— Firing — 
iPret Lead Glazing— Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING, A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. By Felix Hermann, Technical Chemist. With 
Eighteen Illustrations. 300 pp. Translated from the German second 
and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. lOd. home ; 
11s. abroad.) 

Paper Making, Paper Dyeing, 
and Testing. 

‘THE DYEING OP PAPEE PULP. A Practical Treatise for 
the use of Papermakers, Paperstainers, Students and others. By 
Julius Erfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns Of paper dyed in the pulp. Royal 
8vo, 180 pp. Price 15s. net. (Post free, 15s. 6d. home ; 16s. 6d. abroad.) 
Contents. 

Behaviour of the Paper Fibres during* the Process of Dyeing, Theory of the 
Mordant— Colour Fixing Mediums (Mordants)— Influence of the Quality of the Water 
Used— Inorganic Colours— Organic Colours— Practical Application of the Coal Tar 

• Colours according to their Properties and their Behaviour towards the Different 
■ Paper Fibres— Dyed Patterns on Various Pulp Mixtures— Dyeing to Shade— Index. 

■THE PAPER MILL CHEMIST. By Henry P. Stevens, 
M.A., Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. Price 

7s. 6d. net. (Post free, 7s. 9d, home ; 7s. lOd. abroad.) 

Contents. 

Introduction. — Dealing with the Apparatus required in Chemical Work and General 
•Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis. 
Fuels.— Analysis of Coal, Coke and other Fuels — Sampling and Testing for Moisture, Ash, 

• Calorific Value, etc. — Comparative Heating Value of different Fuels and Relative Efficiency. 
Water.— Analysis for Steam Raising and for Paper Making Purposes generally — Water 

-Softening and Purification— A List of the more important Water Softening Plant, giving 
Power required, Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials 
and Detection of Adulterants. — Analysis and Valuation of the more important Chemicals 
used in Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids, 
Bleach Antichlor, Alum, Rosin and Rosin Size, Glue Gelatin and Casein, Starch, China Clay, 
Blanc Fixe, Satin White and other Loading Materials, Mineral Colours and Aniline Dyes. 
-Manufacturing Operations. — Rags and the Chemical Control of Rag Boiling — Esparto 
Boiling — Wood Boiling — ^Testing Spent Liquors and Recovered Ash — Experimental Tests 
with Raw Fibrous Materials — Boiling in Autoclaves — Bleaching and making up Hand Sheets 
— Examination of Sulfihite Liquors — Estimation of Moisture in Pulp and Half-stuff — Recom- 
mendations of the British Wood Pulp Association. Finished Products. — Paper Testing, 
'including Physical, Chemical and Microscopical Tests, Area, Weight, Thickness, Apparent 
Specific Gravity, Bulk or Air Space. Determination of Machine Direction, Thickness. 
Strength, Stretch, Resistance to Crumpling and Friction, Transparency, Absorbency and 
.other qualities of Blotting Papers — Determination of the Permeability of Filtering Papers — 
Detection and Estimation of Animal and Vegetable Size in Paper — Sizing Qualities of 
Paper— Fibrous Constituents — Microscopical Examination of Fibres — ^The Eirect of Beating 
won Fibres — Staining Fibres — Mineral Matter — Ash — Qualitative and Quantitative Examina- 
^tion' of Mineral Matter — Examination of Coated Papers and Colouring Matters in Paper. 
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Contents of “The Paper mill Chemist”— amttnwii. 

Tables. — English and Metrical Weights and Measures with Equivalents — Conversion of 
Grams to Grains and vice nm0~>Equivalent Costs per lb., cwt.,attd ton*~Decimal Equivalents 
of lbs., qrs., and cwts. — ^Thcrmometric and Barometric Scales— Atomic Weights and Molecular- 
Weights — Factors for Calculating the Percentage of Substance Sought from the Weight of 
Substance Pound— Table of Solubilities of Substances Treated of in Paper Making— Specific 
Gravity Tables of such substances as are used in Paper Making, including Sulphuric Acidi 
Hydrochloric Acid, Bleach, Milk of Lime, Caustic Soda, Carbonate of Soda, etc., giving 
Percentage Strength with Specific Gravity and Degrees Tw.— Hardness Table for Soap 
Tests — Dew Point— Wet and Dry Bulb Tables — Properties of Saturated Steam, giving 
Temperature^ Pressure and Volume — ^List of Different Machines used in the Paper Making 
Industry, giving Size, Weight, Space Occupied, Power to Drive, Out-put and Approximate- 
Cost — Calculation of Moisture in Pulp — Rag-Boiling Tables, giving Percentages of Lime,. 
Soda and Time required — Loss in Weight in Rags and other Raw Materials during Boiling 
and Bleaching — Conditions of Buying and Selling as laid down by the Paper Makers* Associa- 
tion — Table of Names and Sizes of Papers — ^Table for ascertaining the Weight per Ream from 
the Weight per Sheet — Calculations of Areas and Volumes— Logarithms— Blank pages for- 
Notes. 

THE TREATMENT OF PAPER FOR SPECIAI* 
PURPOSES. By L. E. Andes. Translated from the 
German. Crown 8vo. 48 Illustrations. 250 pp. Price 6s. net. (Post 
free, 6s. 4d. home ; 6s. 6d. abroad.) 

Contents. 

1., Parchment Paper, Vegetable Parchment,— The Parchment Paper Machine- 
Opaque Supple Parchment Paper — ^Thick Parchment — Krugler’s Parchment Paper and Parch-^ 
ment Slates — Double and Triple Osmotic Parchment— Utilising Waste Parchment Paper — 
Parchmented Linen and Cotton — Parchment Millboard — Imitation Horn and Ivory from 
Parchment Papei>-Imitation Parchment Paper— Artificial Parchment— Testing the Sulphuric 
Acid. II., Papers for Transfer Pictures. 111., Papers lor Preservative and Packing- 
Purposes, — Butter Paper — ^Wax Paper— Paraffin Paper — ^Wrapping Paper for Silverware- 
Waterproof Paper^Anticorrosive Paper. IV., Grained Transfer Papers. V., Fireproof and 
Antifalsification Papers. VI., Paper Articles.— Vulcanised Paper Mach^Paper Bottles— 
Plastic Articles of Paper — ^Waterproof Coverings for Walls and Ceilings — Paper Wheels,. 
Roofing and Boats— Paper Barrels— Paper Boxes— Paper Horseshoes. VII., Gummed Paper,. 
VIII., Hectograph Papers. IX., Insecticide Papers. — Fly Papers — Moth Papers. X., 
Chalk and Leather Papers. — Glac^ Chalk Paper— Leather Paper— Imitation Leather.. 
XL, Luminous Papers — Blue-Print Papers — Blotting Papers. XII., Metal Papers — Medi- 
cated Papers. Kill., Marbled Papers. XIV., Tracing and Copying Papers — Iridiscent or 
Mother of Pearl Papers, XV., Photographic Papers— Shellac Paper— Fumigating Papers — 
Test Papers. XVI,, Papers for Cleaning and Polishing Purposes— Glass Paper— 
Pumic Paper — Emery Paper. XVII., Lithographic Transfer Papers. XIX, , Sundry 
Special Papers— Satm Paper — Enamel Paper— Cork Paper— Split Paper— Electric Paper- 
Paper Matches — ^Magio Pictures — Laundry Blue Papers — Blue Paper for Bleachers, XX., 
Waterproof Papers— .Washable Drawing Papers— Washable Card- Washable Coloured Paper 
— Waterproof Millboard — Sugar Paper, XXL, The Characteristics of Paperr-Paper Testing.. 

Enamelling on Metal. 

ENAMELS AND ENAMELLING. For Enamel Makers, 

Workers in Gold and Silver, and Manufacturers of Objects of Art,. 
By Paul, Randau. Translated from the German. With Sixteen Illus- 
trations. Demy 8vo. 180 pp. Price 10s. 6d. net, (Post free, 10s. lOd. 
home ; 11s. abroad.) 

THE ART OF ENAMELLING ON METAL. By W,. 

Norman Brown. Twenty-eight Illustrations. Crown 8vo. 60 pp,. 
Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Silk Manufacture. 

SILK THROWING AND WASTE SILK SPINNING. 

By Hollins Rayner. Demy 8vp, 170 pp. 117 Ulus. Price 5s. net.. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents « 

The Sillcworm— Cocoon Reeling and Qualities of Silk— Silk Throwing— Silk Wastes— The* 
Preparation of Silk Waste for Degumming— Silk Waste Degumming, Schapping and Dis- 
charging — The Opening and Dressing of Wastes — Silk Waste “ Drawing ” or “ Preparing 
Machinery — Long Spinning — Short Spinning — Spinning and Finishing Processes — Utilisation^ 
of Waste Products— Noil Spinning— Exhaust Noil Spinning. 
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Books on Textile and Dyeing 
Subjects. 

THE FINISHING OF TEXTILE FABRICS (Woollen, 

Worsted, Union and other Cloths). By Roberts Beaumont, M.Sc., 
M.I.Mech.E., Professor. of Textile Industries, the University of Leeds ; 
Author of “ Colour in Woven Design”; Woollen and Worsted Cloth 
Manufacture” ; “ Woven Fabrics at the World’s Fair ” ; Vice-President 
of the Jury of Award at the Paris Exhibition, 1900 ; Inspector of Tex- 
tile Institutes ; Society of Arts Silver Medallist ; Honorary Medallist 
of the City and Guilds of London Institute. With 150 Illustrations of 
Fibres, Yarns and Fabrics, also Sectional and other Drawings of 
Finishing Machinery. Demy Svo, 260 pp. Price 10s. 6d. net. (Post 
free, 10s. lOd. home; 11s. 3d. abroad.) [Just Published. 

Contents. 

1., Woollen, Worsted and Union Fabrics. — Sections (1) Woollen Cloths : Saxonies and 
■Cheviots— (2) Worsted Fabrics: Botany and Crossbred — (3) Fancy and Piece-dye Woollens 
—(4) Fancy and Piece-dj’e Worsteds— (5) Union Fabrics: Piece-dyes and Fancies — (6) Whip- 
cords, Buckskins, Venetians, Curds and Twist warp Fancies — (7) Heavy Woollens: Box 
•Cloths, Meltons, Pilots— (8) Frieaes, Shetlands and Naps— (9) Special Types of Overcoatings 
—(10) Golf Cloakings— (11) Vestings. II., Processes of Pinishingf and their Effects. — 
Sections— (12) Qualities of Unfinished Woollens— (13) Worsted Fabrics and Finishing — (14) 
.Preliminary Work— (IS) Finishing Processes— (16) Scouring and the Detergents Used — (171 
Hydro-extracting- (18) Tentering and Drying— (19) Felting and its Effects— (20) Condition of 
the Piece in Milling— (21) Potash and Soda Soaps— (22) Effects of Raising— (28) Influence of 
'Textural Conditions on Raising— (24) Theory of Raising and the Twine in the Yarn — (25) Fabric 
Structure and Raising Surface— (26) Several Kinds of Raising— (27) Lustring Proceses— (28) 
Pressing. III., The Process of Scouring : Scouring Machines.— Sections (29) Impurities in 
Greasy Pieces— (30) Scouring Machines — (31) The Rope Machine: Scouring Operation — (82) 
Washing-olf— (33) Points in the Use of the Rope Scourer— (34) The Open Scourer: Construc- 
tion — (35) Advantages of the Open Scourer— (86) Scouring Machine with Flanged Rollers— (37) 
■Combined Scouring and Milling Machine. IV., Theory of Pelting. — Sections (38) Qualities 
of Wool in Relation to Felting~(39) Shrinkage Properties of Merino and Cheviot Wools— (40) 
Felting Contrasts, Merino and Southdown Wools— (41) Utility in Woven Manufactures of 
Wools of Different Shrinking Qualities — (42) Yarn Structure— (43) Felting Affected by Yarn 
Composition— (44) Methods of Yarn Construction and Felting— (45) Shrinkage of Fabrics made 
of Re-manufactured Fibres— (46) Degree of Twine in the Yarn — (47) Folded xarns and Shrink- 
age. V., Theory of Felting : Fabric Structure.— Sections (48) Build of the Fabric— (49) 
Felting Quality of Standard Weaves — (50) Influence of Intersections — (51) Variation in Wefting 
— (52) Irregular Weaves and Felting — (S3) Felting of Two-ply Warp and Weft Fabrics — (54) 
'Relative Shrinkage of Single and Backed Weaves. VI., Theory of Pelting : Compound 
'Fabrics. — Sections (55) — Structure of Backed Fabrics and the Pelting Quality of the Cloth — 
(56) Three-ply Weft Fabrics— (57) Yarn Characteristics in Compound Weft Fabrics— (58) 
Fabrics Compound in the Warp — (59) Felting of Compound Weaves — (60) Double Cloths and 
Varied Felting— (61) Stitching or Tying of Double and Compound Weaves and the Effects on 
Milling. VII., Fulling and Milling Machinery.— Sections (62) “Fulling” and “Milling” 
—(63) Routine in the Fulling Stocks and Milling Machine — (64) Construction and Working of 
.the Fuller Stocks— (65) Milling Machines— (66) Routine of Milling — (67) Corrugated Guide 
.Rollers— (68) Machines with Two or More Upper Rollers — (69) Dupl x Machines — (70) Machines 
without Flanged Roller— (71) Mechanical Devices applied to the Spout— (72) Roller Milling 
Machine with Stampers in the Spout — (73) Principle of Combined Milling Machine and Stocks 
—(74) Combined Scouring and Milling — (75) Milling without Artificial Compression. VI 11., 
The Theory of Raising.— Sections (76) Treatment of the Cloth— (77) Condition of the Cloth 
—(78) Dry Raising— (79) Damp and Wet Raising— (80) Raising Determined by the Degree of 
Pelting— (81) Quality of the Material and the Raised Result— (82) Raising and Weave Structure 
■—(83) Quality of the Fibre and Yarn Structure — (84) Raising of Fabrics in which Special or 
Fancy Yarns are used. IX., Raising Machinery and the Raising Process.— Sections (85) 
Hand Raising — (86) Raising Gig— (87) Operation of the Raising Gig — (88) Two-cylinder 
Raising Gig-^89) Teazle Raising — (90) Teazles and Card-wire Compared — (91) Card-wire 
Raising Machines — (92) Modern Card Raising Machines — (93) The Horizontal Machine — 
<94) Rotary Machines. X., Cutting, Cropping or Shearing. — Sections— (97) Cropping 
— (98) The Effects of Cutting— (99) Cutting Macliines— (100) The Cross-Cutting Machine- 
>(101) The Continuous Cutting Machine— (102) Setting of the Cutting Parts — (103) Form 
of the Bar or “Bed” under the Cutters— (104) Machines with Two or More Cylinders— (105) 
Grinding. XI., Lustring Processes and Machinery.— Sections (106) The Production of 
•Lustre on Woollen and Worsted Fabrics — (107) Steaming and Cooling Machines— (108) 
Pressing— (109) The Vertical Press— (110) The Rotary Press — (111) Intermittent Pressing 
Machine. XII., Methods of Finishing. — Sections (112) Routines of Finishing— (I IS) Woollen 
Routines of Finishing — (114) Worsted Routines of Finishing — (115) Routines of Finishing for 
:Union Fabrics— Index. 
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THE CHEMICAL TECHNOLOGY OP TEXTILE 
FIBBES: Their Origin, Structure, Preparation, Washing,, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von- 
Georgievics. Translated from the German by Charles Salter, 
320 pp. Forty-seven Illustrations. Royal 8vo. Price 10s. 6d. net.. 
(Post free, 11s. home ; 11s. 3d. abroad.) 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 
from the German of Anthon Gruner. With Twenty-six Diagrrams* 
in Colours. 150 pp. Crown 8vo. Price 7s. 6d. net. (Post free, 
7s. 9d. home ; 8s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) By Julius- 
ZiPSER. Translated from German by Charles Salter. 302 Illus- 
trations. 500 pp. Demy 8vo. Price 10s. 6d. net. (Post free, 11s.. 
home; 11s. 6d. abroad.) 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical School- 
Demy 8vo. 280 pp. 490 Illustrations and Diagrams. Price 6s. net. 
(Post free, 6s. 4d. home ; 6s. 6d. abroad.) 

Contents. 

The Plain Weave and its Modifications. Twill and Kindred Weaves.— Classifi- 
cation of Twill Weaves. Diamond and Kindred Weaves. Bedford Cords, Backed- 
Fabrics. Fustians. Terry Pile Fabrics. Gauze and Leno Fabrics. Tissue, Lappet, 
AND Swivel Figuring ; also Ondulk Bpfects, and Looped Fabrics. 

ART NEEDLEWORK AND DESIGN, POINT LACE. A 

Manual of Applied Art for Secondary Schools and Continuation Classes.- 
By M. E. WILKINSON. Oblong quarto. With 22 Plates. Bound in 
Art Linen. Price 3s. 6d. net. (Post free, 3s. lOd. home; 4s. abroad.)^ 

Contents. 

Sampler of Lace Stitches — ^Directions for working Point Lace, tracing Patterns, etc. — 
List of Materials and Implements required for working. Plates I., Simple Lines, Straight and > 
Slanting, and Designs formed from them. II., Patterns formed from Lines in previous 
Lesson. III., Patterns formed from Lines in previous Lesson, IV., Simple Curves, and 
Designs formed from them. V., Simple Leaf form, and Designs .formed from it. VI., Ele- 
mentary Geometrical forms, with Definitions. VII., Exercises on previous Lessons. VIIL, 
Filling of a Square, Oblong and Circle with Lace Stitches. IX., Design for Tie End, based: 
on simple Leaf form. X., Lace Butterflies (Freehand). XI., Twenty simple Designs evolved, 
from Honiton Braid Leaf. XII., Design for Lace Handkerchief, based on previous Lesson. 
XIII., Design for Tea-cosy. XIV,, Freehand Lace Collar. XV., Freehand Lace Cuff (to< 
match), XVI., Application of Spray from Lesson XI. XVIl., Adaptation of Curves within • 
a Square, for Lace Cushion Centre. XVIII., Conventional Spray for corner of Tea-cloth. 
XIX., Geometrical form for Rosebowl D’Oyley, to Jbe originally filled in, XX., Geometrical i 
form for Flower-vase D'Oyley, to be originally filled in. Each Lesson contains Instructions- 
for Working, and application of new Stitches from Sampler, 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W, Milroy. Crown 8vo. 64 pp. With 3 Plates- 
and 9 Diagrams. Price Is. net. (Post free, Is. Sd. home; Is. 4d. 
abroad.) 

THE CHEMISTRY OP HAT MANUFACTURING. Lec- 
tures delivered before the Hat Manufacturers’ Association. By Wat- 
son Smith, F.C.S. , F.I.C. Revised and Edited by Albert Shonk. 
Crown 8vo. 132 pp, 16 Illustrations. Price 7s. 6d. net. (Post free,. 
7s. 9d. home ; 7s. lOd. abroad.) 

THE TECHNICAL TESTING OP YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. Price 10s, 6d.. 
net. (Post free, lOs. lOd. home ; 11s. abroad.) 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord. For Manufacturers and Designers of Carpets, Damask,. 
Dress and all Textile Fabrics. 200 pp. Demy 8vo. 132 Designs and^ 
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad,)i 
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THEORY AND PRACTICE OP DAMASK WEAVING. 

By H. Kinzbr and K. Walter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations. Translated from the German. 110 pp. Price 8s. 6d. 
net. (Post free, 9s. home ; 9s. 6d. abroad.) 

Contents. 

The Various Sorts of Damask Fabrics— Drill (Ticking, Handloom-made]— Whole* 
Damask for Tablecloths— Damask with Ground- and Connecting-warp Threads — Furniture* 
Damask— Lampas or Han^gings— Church Damasks— The Manufacture of Whole Damask 
— Damask Arrangement with and without Cross-Shedding— The Altered Cone-arrangement— 
The Principle of the Corner Lifting Cord — The Roller Principle — The Combination of the 
Jacquard with the so-called Damask Machine — ^The Special Damask Machine — The Combina- 
tion of Two Tyings. 

FAULTS IN THE MANUFACTURE OP WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas* 

Reiser. Translated from the Second German Edition. Crown 8vo.. 
Sixty-three Illustrations, 170 pp. Price 5s. net. (Post free, 5s. 4d.. 
home; 5s. 6d. abroad.) 

Contents. 

Improperly Chosen Raw Material or Improper Mixtures— Wrong Treatment of the- 
Material in Washing, Carbonisation, Drying, Dyeing and Spinning — Improper Spacing of the 
Goods in the Loom — ^Wrong Placing of Colours— Wrong Weight or Width of the Goods- 
— Breaking of Warp and Weft Threads— Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like — Errors in 
Cross-weaving — Inequalities, i.e., Bands and Stripes — Dirty Borders — Defective Selvedges — 
Holes and Buttons — Rubbed Places— Creases — Spots — Loose and Bad Colours — Badly Dyed‘ 
Selvedges — Hard Goods — Brittle Goods — Uneven Goods — Removal of Bands, Stripes. 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 

relating to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. 160 pp. Demy 8vo. 1904. Price 10s. 6d, net. 
(Post free, 10s. lOd. home; 11s. abroad.) 

Contents., 

Calculating the Raw Material — Proportion of Different Grades of Wool to Furnish a 
Mixture at a Given Price— Quantity to Produce a Given Length — ^Yarn Calculations — Yarn* 
Number— Working Calculations— Calculating the Reed Count— Cost of Weaving, etc. 

WATERPROOFING OF FABRICS. By Dr. S. Mierzinsku 
Crown 8vo. 104 pp. 29 Ulus. Price 5s. net. (Post free, 5s. 3d. home 
5s. 4d. abroad.) 

Contents. 

Introduction — Preliminary Treatment of the Fabric — Waterproofing with Acetate of 
Alumina— Impregnation of the Fabric— Drying— Waterproofing with Paraffin— Waterproofing; 
with Ammonium Cuprate — Waterproofing with Metallic Oxides — Coloured Waterproof 
Fabrics — ^Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies — Manu- 
facture of Tarpaulin — British Waterproofing Patents — Index, 

HOW TO MAKE A WOOLLEN MILL PAY, By John 
Mackie. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d. 
home ; 3s. lOd. abroad.) 

Contents. 

Blends, Piles, or Mixtures of Clean Scoured Wools — Dyed Wool Book — The Order Book 
— Pattern Duplicate Books — Management and Oversight — Constant Inspection of Mill De- 
partments — Importance of Delivering Goods to Time, Shade, Strength, etc. — Plums. 

(For “ Textile Soaps and Oils ” see p, 7.) 

Dyeing, Colour Printing, 
Matching and Dye-stuffs. 

THE COLOUR PRINTING OP CARPET YARNS. Manual' 

for Colour Chemists and Textile Printers. By David Paterson, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. Price 7s. 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Structure and Constitution of Wool Fibre — Yarn Scouring — Scouring Materials — Water for 
Scouring — Bleaching Carpet Yarns — Colour Making for Yarn Printing — Colour Printing 
Pastes — Colour Recipes for Yarn Printing — Science of Colour Mixing — Matching of Colours- 
— “Hank” Printing — Printing Tapestry Carpet Yarns — Yarn Printing— Steaming Printed 
Yarns— Washing or Steamed Yarns — ^Aniline Colours Suitable for Yarn Printing — Glossary o& 
Dyes and Dye-wares used in Wood Yarn Printing— Appendix. 



22 


THE SCIENCE OP COLOUR MIXING. A Manual in- 

tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured Platee, 
and Four Plates showitiiT Eleyen Dyed Specimens of Fabrics. 132 
pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home i 8s. 
abroad.)' 

Contents. 

Colour a Sensation ; Colours of Illuminated Bodies ; Colours of Opaque and Transparent 
Bodies; Surface Colour^Analysis of Light; Spectrum; Homogeneous Colours; Ready 
‘Method of Obtaining a Spectrum — Examination of Solar Spectrum; The Spectroscope and 
■Its Construction ; Colourists* Use of the Spectroscope—Colour by Absorption ; Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight — Colour Primaries of the Scientist 
versus the Dj;er and Artist ; Colour Mixing by Rotation and Lye Dyeing ; Hue, Purity, 
Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours'— Colour Mixing; Pure 
and Impure Greens, Orange and Violets; Large Variety of Shades from few Colours; Con- 
•sideration of the Practical Primaries: Red, Yellow and Blue — Secondary Colours ; Nomen- 
cdature of Violet and Purple Group; Tints and Shades of Violet; Changes in Artificial Light 
— Tertiaiy Shades ; Broken Hues ; Absorption Spectra of Tertiary Shades — ^Appendix ; Four 
Plates with Dyed Specimens Illustrating Text— Index. 

•DYERS* MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D. 
Translated from the German by A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

<IOLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S, Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

COLOUR: A HANDBOOK OP THE THEORY OP 
COLOUR. By George H. Hurst, F.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Colour and Its Production— Cause of Colour In Coloured Bodies— Colour Pheno- 
:niena and Theories— The Physiology of Light— Contrast— Colour in Decoration and 
Design— Measurement of Colour. 

Reissue of 

THE ART OP DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. le 
P iLEUR D’Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home: 6s. 

contents. 

Part I., The Art of Dyeing Wool and Woollen Cloth, Stuffs, Yam, Worsted, etc. 

Dyeing Silk. Part III., The Art of Dyeing Cotton and Linen 
Thread, together with the Method of Stamping Silks, Cottons, etc. 

THE CHEMISTEY OP DYE-STUPPS. By Dr. Georg Von 
Georgievics. Translated from the Second German Edition. 412 pp. 
Demy 8vo. Price 10s. 6d. net. (Post free, 11s. home ; lls. 6d. abroad.) 

THE DYEING OP COTTON PABRICS: A Practical 

Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

THE DYEING OP WOOLLEN PABRICS. By Franklin 

Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. Price 7s. 6d. net, (Post free, 7s. lOd, home ; 
Ss. abroad.) 
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Bleaching and Bleaching 
Agents. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty^ 
Illus. Price 12s. 6d. net, (Post free, 13s. home ; 13s. 6d. abroad.) 

MODERN BLEACHING AGENTS AND DETERGENTS. 

By Professor Max Bottler. Translated from the German. With 16- 
Illustrations. Crown 8vo. 160 pages. Price 5s. net. (Post free, 
5s. 3d. home ; 5s. 6d. abroad.) 

Contents. 

Part I., Bleaching* Agents. Old and New Bleaching Methods and Bleaching- 
Agents. -^Bleaching Agents for Wool — Bleaching with Permanganate— Perborates — Acid' 
Sodium Percarbonate— Bleaching Agents for Silk— Bleaching Powder and Alkali Hypoch- 
lorites — Bleaching Processes — Bleaching Linen — Bleaching with Ozone — Bleaching Straw 
and Leather — Discharging Colours — Bleaching Jute and other Vegetable Fibres — Bleaching. 
Various Substances— Electrical Bleaching Processes. Sodium Peroxide. — Properties — 
Dissolving Sodium Peroxide — Preparing the Bleaching Liquor— Compressed Sodium Peroxide 
— Sodium Peroxide in Bleaching— Cleaning Materials to be Bleached— Testing the Bleaching 
Liquor — Bleaching Kier— Charging the Kier with Bleaching Ltquor^Bleaching Woollen and 
Half-Wool Goods— Preparing the Bleaching Liquor — Drying the Goods — Magnesium Sulphate- 
in Bleaching Liquor^ Bleaching Silk — Bleaching Linen, Cotton, Jute and Ramie Goods — 
Production of Peroxides — Bleaching Feathers — Sodium Peroxide in Washing Powder — 
Barium Peroxide — Bleaching Silk with Barium Peroxide. Perborates. — Salts of Perboric 
Acid— Properties of Perborates— Ammonium Perborates— Sodium Perborates — Perborax — 
Merck’s Sodium Perborate— Sapozon— Testing Sodium Perborate. Ozone. — Formation of 
Ozone — Ozone Generators— Chemical Production of Ozone — Properties of Ozone — Employ- 
ment of Ozone in Bleaching. Sodium Bisulphite and Hydrosulphurous Acid. — Bleaching 
with Sulphur Dioxide — Bleaching Wool with Hydrosulphurous Acid — Sodium Hydrosulphite- 
— Properties of Sodium Bisulphite— Bleaching Processes— Bleaching Manila Hemp — After- 
treatment with Bisulphite— Bleaching Straw — Bleaching Leather. Discharging Colour from. 
Textile Fabrics with Hydrosulphurous Acid.— Preparing the Discharge— Discharging 
Colour from Shoddy and Dyed Fabrics— Stable Hydrosulphite— Method of Using Hydrosul* 
phite — Eradite — Cassella's Hyraldite— Discharging wdth Hyraldite — Increasing the Dis- 
charging Effect — Stable Hydrosulphites. Permanganate. — Bleaching with Permanganate 
— ^Action of Permanganate — Bleaching Wool or Silk — Addition of Magnesium Sulphate to 
the Bleaching Liquor — Strength of Permanganate Solution — New Process for Bleaching Jute- 
—Bleaching Skins— Bleaching Straw — Bleaching Ivory. Hydrogen Peroxide. — Constitution 
and Properties — Preparation— Crystalline Hydrogen Peroxide— Properties of Hydrogen 
Peroxide Solutions — Stability— Commercial Hydrogen Peroxide Solutions — Decomposition 
of Hydrogen Peroxide — Purity of Hydrogen Pero^ude — Storage Vessels — Care in Handling 
— Instability of Solutions— Reagent for Hydrogen Peroxide — Valuing Hydrogen Peroxide- 
Solutions— Testing Hydrogen Peroxide — Bleaching Wool with Hydrogen Peroxide— Pre- 
liminary Treatment — Bleaching Bath— After Treatment — Bleaching Silk with Hydrogen- 
Peroxide— Bluing before Bleaching — Bleaching Cotton with Hydrogen Peroxide— Bleaching 
Linens with Hydrogen Peroxide— Bleaching Jute with Hydrogen Peroxide — Bleaching Various 
Vegetable Fibres with Hydrogen Peroxide — Bleaching Straw, Wood, etc., with Hydrogen 
Peroxide — Bleaching Leather with Hydrogen Peroxide — Bleaching Ivory, Horn, Bones and 
Similar Articles — Bleaching Hair— Bleaching Sponges with Hydrogen Peroxide. Bleaching 
Pats, Oils, Wax and Paraffin. — ^New Process for Bleaching Fats and Oils— Bleaching Wax 
— Bleaching Soap — Decrolin and Blankite for Bleaching Soap — Bleaching Glue. Solid, Stable.- 
Calcium Hypochlorite and Bleaching Soda. — Stable Calcium Hypochlorite — Bleaching 
Soda. Electric Bleaching. — Electrolytic Bleaching Lye— Judging the Utility of Electric 
Bleaching^ Plant — Bleaching Experiment with Blectrolysed Sodium Chloride Solution — 
Electrolytic Decomposition of Sodium Chloride — Observations of Forster and Muller — Types 
of Electrolyser^ElectroIytic Bleach— Schuckert Plant— Schoop’s Electrolytic Bleaching, 
Apparatus— Kellner Bleaching Apparatus, Construction — Method of Working — Mounting the 
Apparatus— Determining the Bleaching Power of Electrolytic Liquors, Volumetric Method — 
Bleaching with Electrolytic Bleaching Liquor. 

Part II., Detergents. — Behaviour of Various Fabrics in the Presence of Chemical Re- 
agents— Methods of Removing Stains— Chemical Cleaning and Detergents. Benzine Soaps. 
— Removing Stains with Benzine Soap and its Solutions— Antibenzine Pyrine, or Richterol. 
Extractive Detergents and Detergent Mixtures. Carbon Tetrachloride.— Properties. 
Aceto«Oxalic Acid as a Detergent ; Special Methods of Removing Stains. Bleaching 
Processes Used In Chemical Cleaning. — Bleaching with Potassium Permanganate — 
Reducing Effect of Sulphur Dioxide — Reduction with Hydrogen Peroxide — Reduction with 
Hydrosulphurous Acid — Seyda’s Reduction Process— Combined Method of Removing Stains — 
Hyraldite as a Detergent and Bleaching Agent. Hydrogen Peroxide as a Detergent. — 
Behaviour of Hydrogen Peroxide toward Coloured Fabrics. Oxygen as a Detergent. — 
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^Contents of “ iWodern Bleaching Agents and Detergents”— 

contimea. 

Behaviour of Oxygenol toward Dyed Fabrics. Sodium Peroxide as a Deterffent.— Sodium 
Peroxide Soap. Sundry New Detergents and Cleansing Agents.— Tetrapol—Lavado— 
Novol— Weiss*s Benzine Washing Preparation*— Hexol— Steinberg's Detergent Oil— Ozonite— 
Ozonal— Quillola— Gruner's Washing Powder— Eureka Washing Powder— Detergent Soaps 
that Liberate Oxygen— Klein’s Detergent Soap— Detergent for 'Sensitive Colours— Poltzow’s 
Detergent Soap — Wolzendorifs Cyanide and Photo.^rapher’s Ink — Detergent Liquids — 
Hummel’s Detergent Liquid — Detergent Paste— Blanchissine— Henkel s Persil— Reinol, Triol, 
Tetra-Isol, Benzin<Jsol, Terpin-Isol, Isobenzine Soap and Iso Soap. 

Cotton Spinning and Combing. 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. Second Impression. Price 8s. net. (Post free, 
8s. 4d. home ; 3s. 6d. abroad.) 

’COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley, Second Impression. 180 pp. Seventy Illustra- 
tions. Crown 8vo. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. 
abroad.) 

'COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. Second 
Edition, Price 5s. net. (Post free, 5s. 4d. home ; 5s, 6d. abroad.) 

•COTTON COMBING MACHINES. By Thos. Thornley, 

Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra- 
tions. 300 pp. Price 7s, 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.) 

Plax, Hemp and Jute Spinning. 

MODERN FLAX, HEMP AND JUTE SPINNING AND 
TWISTING. A Practical Handbook for the use of Flax, 
Hemp and Jute Spinners, Thread, Twine and Rope Makers. By 
Herbert R. Carter, Mill Manager, Textile Expert and Engineer, 
Examiner in Flax Spinning to the City and Guilds of London 
Institute. Demy 8vo. 1907. With 92 Illustrations. 200 pp. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 

Contents. 

Raw Fibre,— Origin of Flax — Hemp and Jute Fibre — Description of the Plants — Mode of 
"Cultivation — Suitable Climate and Soil— Sowing — Harvesting — Rippling Flax and Hemp- 
Water Retting — Dew Retting— Extraction of the Fibre— Marketing the Fibre — Bracquing — 
Flax, Hemp and J ute Marks — Comparative Prices — Ports of Export — ^Trade Centres — Fibre 
Selling Conditions— Duty on Fibre — Fibre Exports. Hackling.— Sorting and Storing the 
Raw Fibre— Softening Hemip and Jute— Jute Batching— Cutting— Piecing Out— Roughing— 
Hackling by Hand and Machme— Tippling— Sorting — ^Ventilation of Hackimg Rooms. Sliver 
•Formation. — Spreading Line — Heavy Spreading System — Good’s Combined Hackle and 
Spreader— Jute Breaking and Carding— Flax and Hemp Tow Carding— Bell Calculation — 
^Clock System— Theory of Spreading. Line and Tow Preparing.— Drawing and Doubling 
— Draft Calculation— Set Calculation — ^Tow Combing — Compound Systems — ^Automatic Stop 
Motions and Independent Heads— Details of Preparing Machinery— Ventilation — Humidifica- 
Uon. Gill Spinning.— Gill Spinning for Shoe Threads, Rope Yarns, Binder and Trawl 
‘Twines— The Automatic Gill Spinner — Rope and Reaper Yarn Numbering. The Flax, 
Hemp and Jute Roving Frame. — Bobbin Winding— Differential Motion— Twist Calculation 
—Practical Changing— Rove Stock. Dry and Half-Dry Spinning. — Flyer and Ring 
•Frames — Draft and Twist Calculation — Bobbin Dragging — Reaches — Set of Breast Beam 
and Tin-rod, etc. 

FIBRES USED IN TEXTILE AND ALLIED INDUS. 
TRIES. By C. Ainsworth Mitchell, B.A., and R. M. 
Prideaux, F.I.C. [In the press. 

The Contents will include the Classification and Examination of Fibres; Uses of Wool 
Fibres; Hair, Silk, Cotton, Artificial Silks, Linen, Jute, Hemp, Cocoa-nut and other Brush 
Fibres^, Vegetable Downs, etc. 
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Collieries and Mines. 

RECOVERY WORK AFTER PIT FIRES. By RoBERr 
Lamprecht, Mining Engineer and Manager. Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations. 175 pp., demy 8vo. Price 10s. 6d. net. (Post frec„ 
10s. lOd. home; 11s. abroad.) 

Contents. 

Causes of Pit Fires— Preventive Resrulations : (1) The Outbreak and Rapid Extension, 
of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material* 
in the Construction of the Shaft ; (2) Precautions for Rapidly Localising an Outbreak of Fire in 
the Shaft ; (3) Precautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient. 
Precautions ag.^in8t Spontaneous Ignition of Coal. Precautions for Preventing Explosions of' 
Fire-damp and Coal Dust, Employment of Electricity in Mining, particularly in Fiery Pits.. 
Experiments on the ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity- 
Indications of an Existing* or Incipient Fire— Appliances for Working in Irrespirable 
Oases: Respiratory Apparatus; Apparatus with Air Supply Pipes; Reservoir Apparatus; 
Oxygen Apparatus— Extinguishing Pit Fires: (a) Chemical Means; (6) Extinction with 
Water. Dragging down the Burning Masses and Packing with Clay; {,c) Insulating the Seat 
of the Fire by Dams. Dam Building. Analyses of Fire Gases. Isolating the Seat of a Fire- 
with Dams ; Working in Irrespirable Gases (“ Gas-diving *’J : Air-Lock Work. Complete 
Isolation of the Pit. Flooding a Burning Section isolated by means of Dams. Wooden- 
Dams: Masonry Dams. Examples of Cylindrical and Dome-shaped Dams. Dam Doors: 
Flooding the Whole Pit— Rescue Stations: (a) Stations above Ground; {b) Underground* 
Rescue Stations— Spontaneous Ignition of Coal In Bulk— Index. 

VENTILATION IN MINES. By Robert Wabner, Mining. 
Engineer. Translated from the German. Royal 8vo, Thirty Plates, 
and Twenty-two Illustrations. 240 pp. Price 10s. 6d. net. (Post free,. 
11s. home ; 11s. 3d. abroad.) 

HAULAGE AND WINDING APPLIANCES USED IN 
MINES. By Carl Volk. Translated from the German. 
Royal 8vo. With Six Plates and 148 Illustrations. 150 pp. Price 
8s. 6d’ net. (Post free, 9s. home; 9s. 3d. abroad.) 

Contents. 

Haulage Appliances— Ropes— Haulage Tubs and Tracks — Cages and Winding Appliances— 
Winding Engines for Vertical Shafts- Winding without Ropes— Haulage in Levels and- 
Inclines— The Working of Underground Engines — Machinery for Downhill Haulage. 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By 

W. Galloway Duncan, Electrical and Mechanical Engineer, Member 
of the Institution of Mining Engineers, Head of the Government School 
of Engineering, Dacca, India; and David Penman, Certificated Colliery 
Manager, Lecturer in Mining to Fife County Committee. Demy 8vo. 
810 pp. 155 Illustrations and Diagrams, Pi’ice 10s. 6d. net. (Post 
free, 11s. home; lls. 3d. abroad.) 

Contents. 

General Principles, Magnetism, Units, Cells, etc.— Dynamos and Motors— Trans* 
mission and Distribution of Power — Prime Movers— Lighting by Electricity— Initial 
Outlay and Working Cost of Electrical Installations— Electricity Applied to Coal* 
cutting- Electric Haulage. Winding, and Locomotives— Electric Pumps and Pump« 
ing— Electric-Power Drills and Underground Coal Conveyers — Typical Colliery 
Electrical Installations— Miscellaneous Applications of the Electric Current— Com- 
parison of the Different Modes of Transmitting Power— Dangers Occurring from the 
Use of Electricity in Colleries— Appendix : Questions suitable for students preparing for 
colliery managers’ examinations — Index. 

Dental Metallurgy. 

DENTAL METALLURGY: MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 
8vo. Thirty-six Illustrations. 200 pp. Price 7s. 6d. net, (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents. 

Introduction — Physical Properties of the Metals — ^Action of Certain Agents on Metals — 
Alloys — Action of Oral Bacteria on Alloys — ^Theory and Varieties of Blowpipes — Fluxes— 
Furnaces and Appliances — Heat and Temperature — Gold — Mercury — Silver — Iron — Copper- 
Zinc — Magnesium — Cadmium — Tin— Lead — Aluminium — ^Antimony — Bismuth — Palladium — 
Platinum— Iridium — Nickel— Practical Work — ^Weights and Measures. 
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Engineering, Smoke Prevention 
and Metallnrgy. 

THE PREVENTION OP SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. Popplewell, M.Sc., 
A.M. Inst, C.E., Consulting Engineer. Forty-six Illustrations, 190 pp. 
DemySvo. Price7s.6d.net. (Post free, 78. lOd. home ; 8s. 3d. abroad.) 

Contents* 

Fuel and Combustion— Hand Fifing in Boiler Furnaces— Stoking by Mechanical Means- 
Powdered Fuel — Gaseous Fuel — Biliciency and Smoke Tests of Boilers — Some Standard 
'Smoke Trials— The Legal Aspect of the Smoke Question— The Best Means to be adopted for 
-the Prevention of Smoke— Index. 


OAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. Translated from the 
German. With 103 Illustrations. Price 5s. net. (Post free, 5s. 4d. 
home ; 5s. 6d. abroad. ) 

^ ^ . Contents* 

Generators— Generators Employing Steam— Stirring and Feed Regulating Appliances — 
Oirect Generators— Burners — Regenerators and Recuperators— Glass Smelting Furnaces — 
Metallurgical Furnaces— Pottery Furnace— Coal Dust Firing— Index. 


THE HARDENING AND TEMPERING OP STEEL 
IN THEORY AND PRACTICE. By Fridolin Reiser. 

Translated from the German of the Third Edition. Crown 8vo. 
120 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

Contents* 

steel— Chemic^ and Physteal Properties of Steel, and their Casual Connection- 
Classification of Steel according to Use-^Testingr the Quality of Steel — Steel- 

""W-R***"*™"*" <•» 

-SIDEROLOGY: THE SCIENCE OP IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freiherr v. Juptner. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. Price 10s. 6d. net. (Post free, 11s. home; 
11s. 6d. abroad.) 

r..!. ^ « Contents* 

me Tlwory of Solution.— Solutions— Molten Alloys— Varieties of Solutions— Osmotic 
Pressure— Relation between Osmotic Pressure and other Properties of Solutions— Osmotic 
Pressure and Molecular Weight of the Dissolved Substance— Solutions of Gases— Solid Solu- 
■tions—Solu^Iity— Diffusion— Electrical Conductivity— Constitution of Electrolytes and Metals 
Theiroal ExpMsion. Microg’raphy, — ^Microstructure— The Micrographic Constituents of 
Iron— Relation betwMn Micrographical Composition, Carbon-Content, and Thermal Treat- 
Aljoys-The Microstructure of Slags. Chemical Composition of the Alloys 
m Iron.— ConsUtuents of Iron Alloys — Carbon — Constituents of the Iron Alloys, Carbon — 
•Opinions and Researches on Combined Carbon— Opinions and Researches on Combined 
Carbon— Appfying ^e Curv^ of Solution deduced from the Curves of Recalescence to the De- 
termination of the Chemi^l Composition of the Carbon present in Iron Alloys— The Constitu- 
ents or Iron Ir<w— The Constituents of Iron Alloys — Manganese — Remaining Constituents of 
Sj^^^on-Gases. The Chemic^ Composition of Slagr.— Silicate Slags— 
ifndS * ^ Composition of Silicate Slags— Phosphate Slags-Oxide Slags-Appendix- 


BVAPORATING, CONDENSING AND COOLING AP- 
PARATUS. Explanations, Formulse and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.S’c. (Lond.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. Price 10s. 6d. net. 
(Post free, lls. home; 11s. 6d. abroad.) 

RfiCoefficlent of Transmission of hE? kA^Sf ® e Mean Temperature Difference, 0/m— 
Currents-Apparatus fSr Heating with Direct Fire— The In.{ection of 
Steam— ^perheated Steam-— Evaporation by Means of Hot Liquids— The Trans- 
Transference by means of Saturated Steam in Particular 
f and Double Bottoms 

Evaporation in a Vacuum— The Multiple-effect Evaporator — Multiple-effect Evaporators 
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Contents of “ Evaporating, Condensing and Cooling 
Apparatus 

from which Bxtra Steam is Taken— The Weight of Water which must be Evaporated from* 
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent, 
up to 20-70 per cent. — ^The Relative Proportion of the Heating Surfaces in the Elements 
of the Multiple Evaporator and their Actual Dimensions — ^The Pressure Exerted by Currents 
of Steam and Gas upon Floating Drops of Water— The Motion of Floating Drops of Water* 
upon which Press Currents of Steam — ^The Splashing of Evaporating Liquids — The Diameter* 
of Pipes for Steam, Alcohol, Vapour and Air— The Diameter of Water Pipes — The Loss 
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing; 
the Loss— Condensers — Heating Liquids by Means of Steam— The Cooling of Liquids— 
The Volumes to be Exhausted from Condensers by the Air-jpumps — ^A Pew Remarks on Air- 
pumps and the Vacua they Produce — ^The Volumetric Efficiency of Air-pumps — ^The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to ai 
Certain Lower Pressure— Index. 

Sanitary Plumbing, Electric 
Wiring, Metal Work, etc, 

EXTERNAL PLUMBINQ WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272: 
pp. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post 
free, 7s. lOd. home ; 8s. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition,. 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d, 
abroad.) 

Contents. 

Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe* 
Bendings— Half-circular Elbows— Curved Bends on Square Pipe— Bossed Bends — Curved 
Plinth Bends — Rain-water Shoes on Square Pipe — Curved and Angle Bends — Square Pipe 
Fixings— Joint-wiping — Substitutes for Wiped Joints — Preparing Wiped Joints— Joint Fixings. 
— Plumbing Irons — Joint Fixings— Use of “ Touch ’* in Soldering — Underhand Joints — Blown 
and Copper Bit Joints— Branch Joints— Branch Joints (continued) — Block Joints — Block 
Joints (continued)— Block Fixings— Astragal Joints — Pipe Fixings — Large Branch Joints — 
Large Underhand Joints— Solders — Autogenous Soldering or Lead Burning — Index, 

SANITARY PLUMBING AND DRAINAGE. By John 
W. Hart. Demy 8vo. With 208 Illustrations. 250 pp, 1904, Price 
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

ELECTRIC WIRING AND PITTING FOR PLUMBERS 
AND GASPITTERS. By Sydney F. Walker, RN., M.I.E.E.,. 
M.I.Min.E,, A.M.Inst.C.E., etc., etc. Crown 8vo. 150 pp. With Illus- 
trations and Tables. Price 6s. net. (Post free, 5s. 3d. home ; 6s. 6d. 
abroad.) 

Contents. 

Chapter L, Electrical Terms Used. — Pressure and Current — The Volt — Ampere — 
Electrical Resistance — Earth— Continuous and Alternating Currents — ^The Electric Circuit — 
Leakage — Heating of Conductors — Size and Forms of Conductors — ^The Kilowatt — Loss of 
Pressure — Arrangement of Conductors — Looping In— The Three Wire System — Switches — 
Fuses— Circuit— Breakers. II., The Insulation of Wires, Their Protection, Fixing, etc. 
— Conductors Insulated with Paper and Similar Materials — Sparking between Conductors 
— Dialite Insulation— Flexible Cords — Concentric Conductors— Twin Conductors — Three-Core- 
Cables — Fireproof Insulation for Conductors — Jointing — ^T Joints — Coveting T Joints in Vul- 
canized Rubber Cables. III., Fixing the Wiring and Cables.— Laying Out the Route— The 
Protection of the Wires and Cables — ^Wood Casing — Metallic Conduits — Non-Metallic Con- 
ductors — Fixing the Conduits and Running Wires in Them — Drawing Wires into Tubes — To 
Avoid Shock. IV., Lamps. — ^The Incandescent Lamp — Lamp Holders — Lamp Fittings— The- 
Nernst Lamp. V., Switches, Fuses, Distribution Boards, etc.— The Electricity Meter- 
Prepayment Meters. 

THE PRINCIPLES AND PRACTICE OP DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. Price 2s. net. (Post free, 2s. Sd. home and abroad.) 

THE HISTORY OP INCANDESCENT LAMPS. By G. 

Basil Barham, A.M.I.E.B. Illustrated. \In preparation^ 
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A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 
Price 2s. net. (Post free, 2s. 8d. home and abroad.) 

THE PRINCIPLES OP HOT WATER SUPPLY. By 

‘ John W. Hart, R.P.C. With 129 Illustrations. 177 pp., demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. IGd. home ; 8s. abroad.) 

House Decorating and Painting. 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Painters and Decorators, By A. 
Desaint, Artistic Interior Decorator of Paris. The book contains 100 
folio Plates, measuring 12 in. by 7 in., each Plate containing specimens 
of three artistic shades. These shades are all numbered, and their 
composition and particulars for mixing are fully given at the beginning 
of the book. Each Plate is interleaved with grease-proof paper, and 
the volume is very artistically bound in art and linen with the Shield 
of the Painters* Guild impressed on the cover in gold and silver. Price 
21s. net. (Post free, 21s, 6d. home ; 22s. 6d. abroad.) 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 
Price 8s. 6d. net. (Post free, 3s. 9d. home and abroad.) 

A HISTORY OP DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price Is. net. 
(Post free. Is. 3d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. ByW.N. Brown. Crown 8vo. 128 pp. Second 
Edition. Price 2s. 6d. net. (Post free, 2s. 9d. home ; 2s. lOd. abroad.) 

Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OP COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 340 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, 11s. home; 11s. 6d. abroad.) 
Contents. 

HISTORY OF THE HOP— THE HOP PLANT— Introductory— The Roots— The Stem- 
.and Leaves— Inflorescence and Flower : Inflorescence and Flower of the Male Hop ; In- 
florescence and Flower of the Female Hop— The Fruit and its Glandular Structure ; The 
Fruit and Seed— Propagation and Selection of the Hop— Varieties of the Hop : (a) Red Hops ; 
>(b) Green Hops ; (c) Pale Green Hops— Classification according to the Period of Ripening : 
Early August Hops; Medium Early Hops; Late Hops — Injuries to Growth — Leaves Turning 
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hau 
.and Rain ; Vegetable Enemies of the Hop: Animal Enemies of the Hop— Beneficial Insects on 
Hops— CULTIVATION— The Requirements of the Hop in Respect of Climate, Soil and 
Situation: Climate; Soil ; Situation— Selection of Variety and Cuttings — Planting a Hop 
Garden; Drainage; Preparing the Ground; Marking-out for Planting; Planting; Cultivation 
.and Cropping of the Hop Garden in the First Year— Work to be Performed Annually in the 
Hop Garden; Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting; Method of Cutting: Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring 
‘Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking, 
Drying and Bagging— Principal and Subsidiary Utilisation of Hops and Hop Gardens— Life 
of a Hop Garden ; Subsequent Cropping— Cost of Production, Yield and Selling Prices. 

Presefvation and Storage — Physical and Chemical Structure of the Hop Cone — Judging 
the Value of Hops. 

Statistics of Production— The Hop Trade— Index. 
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Wood Products, Timber and 
Wood Waste. 

WOOD PRODUCTS ; DISTILLATES AND EXTRACTS. 

By P. Dumesny, Chemical Engineer, Exf)ei’t before the Lyons Com- 
mercial Tribunal, Member of the International Association of Leather 
Chemists; and J. Noyer. Translated from the French by Donald 
Grant. Royal Svo. 320 pp. 103 Illustrations and Numerous Tables. 
Price 10s. 6d. net. (Post free, 11s. home ; lls. 6d. abroad.) 

ContentSii 

Part I., Wood Distillation— Principal Products from the Carbonisation of Wood- 
Acetates— Secondary Products of the Distillation of Wood— Acetone— Analysis of 
Raw jMaterlals and Finished Products— Appendix— The Destructive Distillation of Olive 
Oil Residuals. Part II., Manufacture and Testing of Tan Wood Extracts and their 
Utilisation in Modern Tanneries— Plant and Equipment for Treating: Chestnut Wood 
—Analysis of Tanninp: Substances- The Official Method of the International Association 
of Leather Chemists, with Supplementary Notes. 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpbntier. Royal Svo. 437 pp. 178 Illustrations. Price 
12s. 6d. net. (Post free, 18s. home ; 14s. abroad.) 

Contents i 

Physical and Chemical Properties of Timber— Composition of the Vegetable Bodies 
—Chief lalements— M. Fremy’s Researches— Elementary Organs of Plants and especially of 
Forests— Different Parts of Wood Anatomically and Chemically Considered — General Pro- 
perties of Wood — Description of the Different Kinds of Wood — Principal Essences with 
Caducous Leaves— Coniferous Resinous Trees— Division of the Useful Varieties of Timber 
in the Different Countries of the Globe— European Timber— African Timber— Asiatic 
Timber— American Timber— Timber of Oceania— Forests— General Notes as to Forests ; their 
Influence — Opinions as to Sylviculture — Improvement of Forests — Unwooding and Rewooding 
— Preservation of Forests — Exploitation of Forests — Damage caused to Forests — Different 
Alterations— The Preservation of Timber— Generalities — Causes and Progress of De- 
terioration — History of Different Proposed Processes — Dessieation— Superficial Carbonisation 
of Timber— Processes by Immersion — Generalities as to Antiseptics Employed — Injection 
Processes in Closed Vessels — The Boucherie System, Based upon the Displacement of the 
Sap— Processes for Making Timber Uninflammable— Applications of Timber — Generalities 
— ^Working Timber— Paving — ^Timber for Mines — Railway Traverses — Accessory Products — 
Gums — Works of M. Fremy — Resins — Barks — ^Tan— Application of Cork — The Application of 
Wood to Art and Dyeing — Different Applications of Wood — Hard Wood — Distillation of 
Wood — Pyroligneous Acid— Oil of Wood — Distillation of Resins — Index. 

THE UTILISATION OP WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown Svo. 192 pp. Fifty Illustra- 
tions. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Building and Architecture. 

THE PREVENTION OP DAMPNESS IN BUILDINGS; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C., 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown Svo. 
115 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

HANDBOOK OP TECHNICAL TERMS USED IN ARCHI- 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Augustine C. Passmore. 
Demy Svo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. 
abroad.) 
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The Preserving of Foods and 
Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 
SWEETMEATS. By A. Hausker. With Twenty-eight 

lUastrations. Translated from the German of the third enlarged 
Edition. Crown 8vo. 225 pp. Price 7s. 6d. net. (Post free, 7s. 9d. 
home; 7s. lOd, abroad.) 

Contents. 

The Manufacture of Conserves— Introduction— The Causes of the Putrefaction of Food 
— The Chemical Composition of Foods — The Products of Decomposition — The Causes of Fer- 
mentation and Putrefaction — Preservative Bodies— The Various Methods of Preserving Pood 
—The Preservation of Animal Food— Preserving Meat by Means of Ice— The Prese^ation 
of Meat by Charcoal— Preservation of Meat by Drying— The Preservation of Meat by the 
Exclusion of Air— The Appert Method— Preserving Flesh by Smoking— Quick Smoking— Pre- 
serving Meat with Salt— Quick Salting by Air Pressure— Quick Salting 1^ Liquid Pressure— 
Gamgee’s Method of Preserving Meat— The Preservation of Eggs— Preservation of White 
and Yolk of Egg— Milk Preservation— Condensed Milk— The Preservation of Fat— Manu- 
facture of Soup Tablets— Meat Biscuits— Extract of Beef— The Preservation of Vegetable 
Foods in General— Compressing Vegetables— Preservation of Vegetables by Appert’s Method 
—The Preservation of Fruit— Preservation of Fruit by Storage— The Preservation of Fruit 
by Drying— Drying Fruit by ArtiHcial Heat— Roasting Fruit— The Preservation of Fruit with 
Sugar— Boiled Preserved Fruit— The Preservation of Fruit in Spirit, Acetic Acid or Glvcerine 
— Pmservation of Fruit without Boiling— Jam Manufacture— The Manufacture of Pruif 
Jellies— The Making of Gelatine Jellies — The Manufacture of “ Sulzen " — The Preservation of 
Ferment^ Bev^age^The Manufarture of Candies-Introduction-The Manufacture of 
Candied Fruit— The Manufacture of Boiled Sugar and Caramel— The Candying of Pruitt 
Caramelised Fruit— The Manufacture of Sugar Sticks, or Barley Sugar— Bonbon JWalrmrt 
Fruit Drops-The Manufacture of Dragde^The Machinery and%pfra^es SLd S & 
Manufacture— Dyeing Candies and Bonbons— Essential Oils used in Candy Making— pISf 
Essence^The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lor^^^^ 
Recipes for Jams and Jellies— Recipes for Bonbon Making— Dragdes— Appendix— Index. • 

RECIPES FOR THE PRESERVING OF FRUIT, VEGE- 
TABLES AND MEAT. By E. Wagner. Translated 
from the Carman. Crown 8vo. 125 pp. With 14 Illustrations. Price 
5s. net. (Post free, 5s. 3d. home; 58. 4d. abroad.) 

Contents. 


Froit-BIue PI>>ms-GIaKd Chestnuts-Gted Pinfflpjle SHcis-C^Sfaed 

^maladM, Jams and Fruit Juices.-Strawben5 Maimalad^Cher^ MarmafadSi 

W'lS'a.S’ftr IMS' tsi-ts 

;^ff5r5^V.®;r:?®®®^®®®"®“?»"o*®“SpinacVArtichokes-Tomatoes-MT^^^^ 


and Cabbage— Savoury Paste— Beef Paste— Foie Gras Paste. ^ Venison— Mutton 

Chemistry and Analysis 

Dyeing Fancy Goods. 

THE ART OF DYEING AND STAINING MARBTir 
ARTIFICIAL STONE, BONE, HoSJ IVORY AND 
WOOD. AND OF IMITATING Sl sSms ?? 

^ Handbook for the Use of Joiners 

&li“?^Tralte UmbrellaXhers: 

“^nslated from the German of D. H. Soxhlet 

Si'^Km^TslId.a^bZS.r- -t.“(lrfZ: 
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Celluloid 


CELLULOID : Its Raw Material, Manufacture, Properties and 
Uses. A Handbook for Manufacturers of Celluloid and Celluloid 
Articles, and all Industries using Celluloid ; also for Dentists and 
Teeth Specialists. By Dr. Fr, Bockmann, Technical Chemist. Trans- 
lated from the Third Revised . German Edition. Crown 8vo. 120 pp. 
With 49 Illustrations. Price 5s. net. (Post free, 5s. 3d, home; 5s. 4d. 
abroad.) 

Contents. 

Chapters I., Raw Materials for the Manufacture of Celluloid : Cellulose and Pyroxylin 
— Gun-cotton — Properties of Gun-cotton — Special Gun-cottons for Celluloid Manufacture — 
Nitrating Centrifugalisers — Collodion Wool— Methods of Preparing Collodion Wool — Cam- 
phor — Japanese (Formosa) Camphor, Oydinary Camphor — Borneo Camphor (Borneol), 
Sumatra Camphor, Camphol, Baros Camphor) — Properties of Camphor — Arttficial Camphor 
— Camphor Substitutes. 1 1„ The Manufacture of Celluloid; Manufacturing Camphor by 
the Aid of Heat and Pressure — Manufacture of Celluloid by Dissolving Gun-cotton in an 
Alcoholic Solution of Camphor— Preparing Celluloid by the Cold Process— Preparation with 
an Ethereal Solution of Camphor — Preparation with a Solution of Camphor and Wood 
Spirit. III., The Employment of Pyroxylin for Artificial Silk J Denitrating 
and Colouring Pyroxylin — Uninflammable Celluloid — Celluloid and Cork Composition — 
incombustible Celluloid Substitute — Xylonite or Pibrolithoid. IV., Properties of 
Celluloid; V., Testing Celluloid. VI., Application and Treatment of Celluloid: 
Caoutchouc Industry — Making Celluloid Ornaments —Working by the Cold Process — 
Working by the Warm Process— Celluloid Combs — Celluloid as a Basis for Artificial 
Teeth — Stained Celluloid Sheets as a Substitute for Glass — Celluloid Printing Blocks 
and Stamps— Collapsible Seamless Vessels of Celluloid— Making Celluloid Balls— Celluloid 
Posters- Pressing Hollow Celluloid Articles— Casting Celluloid Articles— Method for Pro- 
ducing Designs on Plates or Sheets of Celluloid, Xylonite, etc.— Imitation Tortoiseshell- 
Metallic Incrustations— Imitation Florentine Mosaic— Celluloid Collars and Cuffs — Phono- 
graph Cylinder Composition— Making Umbrella and» Stick Handles of Celluloid- Celluloid 
Dolls— Celluloid for Ships’ Bottoms — Celluloid Pens — Colouring Finished Celluloid Articles — 
Printing on Celluloid— Employment of Celluloid (and PyroxyIin)in Lacquer Varnishes— Index 


Lithography, Printing and 
Engraving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 
Demy 8vo. With Frontispiece and 33 Illus. 120 pp. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Stones— Transfer Inlts — Transfer Papers — ^Transfer Printing — Litho Press — Press Work — 
Machine Printing— Colour Printing — Substitutes for Lithographic Stones— Tin Plate Printing 
and Decoration — Photo-Lithography, 


PRINTERS’ AND STATIONERS* READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 

Crown 8vo. 112 pp. 1904. Price 8s. 6d. net. (Post free.Ss. 9d. home; 
3s. lOd. abroad.) 

^ „ Contents. 

Price of Paper per Sheet, Quire, Ream and Lb.— Cost of 100 to 1000 Sheets at various 
Sizes and Prices per Ream— Cost of Cards— Quantity Table— Sizes and Weights of Paper, 
Cards, etc. — Notes on Account Books — Discount Tables — Sizes of spaces — Leads to a lb.— • 
Dictionary — Measure for Bookwork — Correcting Proofs, etc. 

BNGRAVINa FOR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTBS. By J. Kirkbride. 72 pp. 
Two Plates and 6 Illustrations. Crown 8vo. Price 2s. 6d. net. (Post 
free, 2s. 9d. home ; 2s. lOd, abroad.) 

TINPLATE PRINTING, By Alfred Seymour. Crown 8vo. 

\In preparation. 


Bookbinding. 

PRACTICAL BOOKBINDING. By Paul Adam. Translated 
-^-"'from the German, Crown 8vo. 180 pp. 127 Illustrations. Price 5s. 
net, (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
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Sugar Refining. 

THE TECHNOLOGY OP SUGAR: Practical Treatise om 

the Modern Methods of Manufacture of Sugar from the Sugar Cane and< 

' Sugar Beet. By John Geddes McIntosh. Second Revised and 
Enlarged Edition. Demy 8vo. Fully Illustrated. 436 pp. Seventy-six. 
Tables. 1906. Price 10s. 6d. net. (Post free, lls. home; 11s. 6d... 
abroad.) 

Contents. 

Chemist^ of Sucrose, Lactose, Maltose, Glucose, Invert .Sugar, etc. — Purchase and 
Analysis of Beets—Treatraent of Beets— Dilfusion— Filtration-Concentration — Evaporation — 
Sugar Cane : Cultivation— Milling— Diffusion— Sugar Refining— Analysis of Raw Sugars— 
Chemistry of Molasses, etc. 

{See ** Evaporating, Condensing, etc,, Apparatus,'^ p. 26.) 
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